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CHAPTER I. INTRODUCTION

The rapid development of the State of California,

with its attendant Increased use of water, has intensified

the water problems of many areas of the State. The

Calaveras area, which lies between the Stanislaus and

Mokelumne Rivers, is such an area. Within this area every

type of use and need associated with water development can

be found.

The area covered by this investigation included

all of Calaveras County and adjoining portions of Stanislaus

and San Joaquin Counties that are dependent upon the

Stanislaus, Calaveras, and Mokelumne Rivers for water sup-

plies. The area of investigation is shown on Plate 1,

"Location of Calaveras Area."

The runoff of the Mokelumne, Stanislaus, and

Calaveras River systems is utilized to meet most of the

current demands of Calaveras County. It is anticipated

that most of the future increase in water demands within

this county v;ill be met by further development of the

waters of these rivers.

In the San Joaquin and Stanislaus County portions

of the Calaveras area current supplies are obtained from

these rivers and from ground water. Because the ground water

table is dropping, most of the future increase in water



demands must be obtained by importing water from outside

sources.

The Calaveras County Water District, which is

countywide, was formed in 19^6 to provide a local plan-

ning agency for water development. Since being formed,

the district has worked with Amador County and the East

Bay Municipal Utility District to determine the disposi-

tion of the waters of the Mokelumne River and has proceeded

with planning for the development of the waters of the

Stanislaus, Calaveras, and Mokelumne River systems for its

use

.

Authorization of Investigation

Specific guidelines for this investigation were

provided in 1957 by Senate Concurrent Resolution No. 109,

which provided in part

:

"...to expedite the current investiga-
tion of the Mokelumne, Stanislaus, and
Calaveras River watersheds, and the formula-
tion of plans for the single or multipurpose
projects for the development thereof under
The California Water Plan Including con-
sideration of the proposed Folsom South Canal,
for the major purpose of developing water to
serve the foothill and mountainous areas
within the said watersheds and valley lands
adjacent thereto. Including the City of
Stockton."
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Objective and Scope of Investigation

The objective of the Calaveras Area Investigation

was to investigate various possible plans for the develop-

ment of water supplies and to formulate plans for those

projects which would be of Immediate benefit within the

purview of the legislative intent as set forth in the vari-

ous budget acts cited above. Since the inception of the

Calaveras Investigation, the federal government has started

the construction of the New Hogan Dam and has recommended

the construction of New Melones Dam and Folsom South Canal.

Although these projects had been considered prior to the

authorization of this report, the effect of these develop-

ments as currently formulated was uncertain as to the needs

of the area. Concurrent with the formulation of these

projects, the objectives of the Calaveras Investigation

were modified to shift the emphasis away from the San

Joaquin Valley floor portion of the area, since this region

would best be served by the federal projects. To attain

this objective it was necessary to make inventories of the

water requirements and resources of the Calaveras area.

Using the data developed in these Inventories, general plans

were formulated for an initial project which would be eco-

nomically justifiable and which would provide a flexible

system from which further development of local, multi-

purpose projects could be extended as the need matures.
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Data developed for previous investigations, including the

Statewide Water Resources Investigations, were reviewed

and utilized.

Studies of the projects considered for immediate

development included determinations of engineering feasi-

bility and economic justification. Studies of projects

Intended for future construction were limited to determina-

tions of engineering feasibility.

Conduct of Investigation

Field work and office studies for the investiga-

tion began in October 1956 and continued into the fall of

1961. Hydrologic studies, including the collection and

compilation of precipitation and streamflow data, were made

to estimate the surface water supply available in the

Calaveras area. Portions of the data on ground water con-

ditions in the valley floor portion of the area of investi-

gation were taken from Bulletin No. 11, "San Joaquin County

Investigation." These data were supplemented by field

measurements during the investigation.

Seventeen damsltes were studied. Geologic mapping

and exploration operations were conducted at the major sites

to determine foundation conditions. Topographic surveys,

using photogrammetrlc methods, were made of 14 of these

sites. Foundation core drilling operations were conducted
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at eight sites, and auger holes were drilled at nine sites.

Borrow areas containing possible construction materials

were located and mapped, and samples were taken for labora-

tory testing. Geologic mapping of two powerplant sites

and some 50 miles of conduit route was accomplished. A

regional geologic map of Calaveras County (Plate 5) was

prepared from field surveys.

Previous studies of land use on the valley floor

of the area of investigation were reviewed. A resurvey of

the entire area was made to determine present land uses.

New land classification studies were made throughout the

Calaveras area. These studies provided the basis for esti-

mates of present and future water requirements. During the

course of the investigation, however, it became apparent

that future supplemental water supplies for the San Joaquin

Valley portion of the area could not be developed from

sources within the Calaveras area. The department con-

siders the proposed Folsom South Cauial to be the logical

supply facility for the valley floor section, as proposed

by the United States Bureau of Reclamation. Since no

projects to serve the San Joaquin Valley portion of the

area are considered in this report, detailed results of

land classification and water use studies discussed above

have not been included herein. Tabulations of the basic

field survey data are on file with the department and
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similar data has been published In Bulletin No. 11, "San

Joaquin County Investigation."

Available data on mineral content of surface and

ground waters were supplemented by additional studies In

order to determine the suitability of water supplies for

irrigation and other beneficial uses. Studies were made

to detect any change in ground water quality due to lower

ground water levels.

Existing and probable future recreational uses

of the area of investigation were studied. The consulting

firm of Pacific Plajnnlng and Research was retained to study

the outdoor recreational potential of proposed projects.

Information obtained during this study was supplemented by

studies conducted by the department.

The Department of Fish and Gajne, by service agree-

ment with the department, conducted studies of the fishery

potential of streams that would be affected by potential

projects.

Engineering designs and estimates of costs were

made for various sizes of projects under consideration.

These estimates, with estimates of project benefits, were

utilized in economic sizing studies. Reservoir operation

studies were conducted to determine project yields of

hydroelectric energy and water.

Economic studies were made to determine the bene-

fits that would accrue to those projects which would be

-6-



feasible In the near future. These studies included:

(1) economic projections and analyses related to hydro-

electric power projects, and (2) recreational and fish and

wildlife analyses.

Area of Investigation

The Calaveras area comprises all of Calaveras

County and portions of San Joaquin and Stanislaus Counties

in the northeast corner of the San Joaquin Valley. The

area extends from the Sacramento-San Joaquin Delta near

Stockton to the Calaveras-Alpine boundary near the crest

of the Sierra Nevada. Elevations in the area range from

near-sea level, in the vicinity of Stockton, to over 8,000

feet in the eastern highlands of Calaveras County. Of the

1,169,000 acres in the Calaveras area, about 667,000 are

in Calaveras County; about 89,000 acres are in Stanislaus

County; and about 413,000 acres are in San Joaquin County.

County boundaries are shown on Plate 1.

For purposes of this report, the area of investi-

gation has been divided into three "units" which were estab-

lished on the basis of the potential source of water supplies,

The Valley Unit covers most of the San Joaquin Valley portion

of the area and is mostly served at the present time from

\Anderlying ground water basins. The Main Stream Unit in-

cludes the foothill areas which would naturally be served
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by the main streams which drain the area. The Tributary

Unit includes all lands of the higher foothill and moun-

tainous regions and which would naturally be served by

water from streams tributary to the main streams. The

locations and boundaries of the units are shown on Plate 2,

"Area of Investigation."

The Main Streajn and Tributary Units have been

further divided into "subunits" or "service areas" as

shown on Plate 2A, "Proposed Water Service Areas of Main

Stream and Tributary Units." A more detailed description

of the units and subunits of the area of investigation is

presented in Chapter III, "Land and Water Use."

Natural Features

The topography of the Calaveras area varies from

flat lands in the San Joaquin Valley in the lower west

portion to rolling foothills in the central portion.

Deeply incised canyons and rugged slopes exist in the

higher eastern parts of the area near the crest of the

Sierra Nevada.

Most of the valley lands in San Joaquin County

are devoted to irrigated agricultural predominately in

orchards, vineyards, permanent pasture, truck crops, and

alfalfa. The lower foothills form gently-rolling, grass-

covered meandering valleys. The higher foothills Include

increasingly steeper slopes, and more narrow canyons. For
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the most part they are covered with heavy brush, stands of

oak trees, and native grasses.

At an elevation of about 3,000 feet, the vegeta-

tion changes from oak to pine cover. Above 4,000 feet, to

about 7,000 feet elevation, there are large, unbroken stands

of marketable timber. At elevations above 7,000 feet, the

cover consists of alpine growth amid bare granites and

andesltlc mud flows which extend to the highest elevations.

The Mokelumne and Stanislaus Rivers both rise in

Alpine County at elevations in excess of 9^000 feet. Both

rivers flow in a general south-westerly direction in diverging

channels until they reach the valley floor, where they are

some 35 miles apart. The Calaveras River rises at an eleva-

tion above 6,000 feet and drains the wedge-shaped area

between the diverging Mokelumne and Stanislaus Rivers.

Geology

The Calaveras area is located on the western slope

of the Central Sierra Nevada and extends into the great

valley of California. The older rocks in the area are

resistant pre-Tertlary metamorphlc and Intrusive igneous

rocks, locally of unequal strength and complex structure.

These rocks are often referred to as the bedrock series and

Include schist, quartzite, slate, crystalline limestone,

metavolcanic rocks, granitic rocks, and ultrabasic rocks.

Overlying the bedrock series are essentially undeformed
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geologic materials of Tertiary age and younger. These

materials Include the sediments of the lone formation, the

rhyolltlc pyroclastlcs and sediments of the Valley Springs

formation; the andesltic debris of the Mehrten formation;

all the older river chajinel deposits, glacial deposits;

recent stream deposits; and flood plain and valley fill

deposits of the San Joaquin Valley. The geologic features

described herein are delineated on Plate 3, "Regional

Geology of the Calaveras Area."

The geologic history of the Sierra Nevada is

illustrated by present geologic conditions within the area

of investigation. The bedrock series was originally a

thick sequence of marine sedimentary and volcanic rocks

which was later folded and faulted into an ancestral Sierra.

This activity was accompanied by intrusion of ultrabasic

rocks, followed by an invasion and engulfing of these rocks

by great volumes of granitic magma. The region was eroded

by middle Tertiary time to an area of moderate or low re-

lief, and then was blanketed by volcanic rocks and sediments

of the Valley Springs and Mehrten formations. Faulting,

tilting, and uplift of the Sierra block, which occurred

primarily during late Tertiary time, formed an extremely

steep eastern escarpment and resulted in the carving of

deep canyons by youthful streams on the otherwise gentle

(about 2°) western slope. Many of the streams have incised
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through the Tertiary volcanic rocks, cutting deeply Into

the underlying bedrock series. Additional sculpturing of

the crest of the range and the canyons In the higher eleva-

tions was accomplished by glaciers during the Pleistocene

epoch.

Soils

The soils of the Calaveras area may be segregated

into the following four broad groups: (1) basin soils,

(2) recent alluvial soils, (3) older valley fill soils,

and (4) upland soils. The basin soils are found on the

valley floor in the Delta region and extend eastward,

gradually changing to the recent alluvial fan as the

elevation increases. These alluvial soils change to the

older valley fill soils in the lower elevation foothills.

The higher foothills and mountainous areas are overlain by

the upland group of soils.

The basin soils of the Delta are fine textured

clays, some of which contain a high percentage of organic

matter. These soils generally exhibit poor internal drain-

age characteristics but are extremely fertile and friable

and are extensively farmed to a wide variety of shallow-

rooted, summer-season field and truck crops. In many areas

of the Delta the surface of these soils is at or below sea

level. An extensive network of levees and drains protect

these fields from inundation.
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The recent alluvial soils were formed by the

depositing of materials eroded from higher elevations in

the watershed and transported by the streams that transect

the area. These soils are characteristically v/ell drained,

of coarse to medium texture, and are utilized for the growth

of a multitude of climatically adapted crop types, including

deciduous orchard, vineyard, and truck and field crops.

The older valley fill soils are similar to the

recent alluvial soils in that they were also formed by up-

stream erosion and subsequently transported and deposited

by waters of the area. However, this group of soils has

undergone extreme profile development, resulting in the

formation of dense clay or hardpan subsoil layers which

critically limit the movement of soil moisture and plant

root development. Typically, these soils occur on lands

exhibiting a gently undulating to strongly rolling relief,

with small mounds generally in evidence. The crop adapta-

bility of these soils is limited to shallow-rooted crops

such as pasture, rice, and some field crops.

The upland soils were formed in place from weather-

ing and decomposition of parent rock materials. These soils

extend from the western foothills of Calaveras County east-

ward to the crest of the Sierra Nevada. Soil depths are

largely dependent upon the amount of precipitation, and

the weathering and decomposition of the parent rock materials.
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Depths of soils vary from about 8 to 12 Inches In the areas

of low rainfall in the foothills, to extremely deep in the

areas of high precipitation in the mountains. Due to

relatively shallow soils, some rockiness, and a somewhat

short growing season, the crop adaptability of the upland

soils is restricted to deciduous orchards and pasture crops.

Climate

Because of wide ranges of elevation within the

Calaveras area, precipitation and temperature extremes

exhibit a wide range. As shown on Plate 3, the mean sea-

sonal precipitation increases from about l6 inches on the

floor of the San Joaquin Valley, to about 35 inches at

Angels Ccunp, and over 55 inches at the extreme elevations

in Calaveras County. The valley floor and foothill areas

experience hot, dry summers and mild winters, while the

higher, central area is characterized by moderate summers

and cold winters. Above an elevation of about 5^000 feet,

winters are long and usually severe, with heavy snowfall.

At the Calaveras Big Trees weather station, at an elevation

of 4,680 feet, the mean temperature is 48.8°F. and the mean

annual precipitation is 53-36 inches. Practically all

precipitation occurs during the months of October through

April

.

Variations in climate cause considerable differ-

ences in length of growing season. Within the area of
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investigation, the growing season \arles from about 270 days

In the San Joaquin Valley to about 135 days in the higher

regions.

Development

The development of the Calaveras area began

around 1830 when a French trading company established a

base camp near the present City of Stockton. From this

base, fur trapping was conducted along the Sacramento and

San Joaquin Rivers. The ruins of a former trading post

of the present town of Mokelumne Hill are still in evidence.

With the discovery of gold in California in l848

there was an Influx of population, and Stockton became a

trading center where ships could unload men and supplies

bound for the busy mines in the mountains to the east.

Calaveras and San Joaquin Counties were created during this

period, in I85O, when the original 27 counties of California

were formed. Stanislaus County was formed in 185^ from a

portion of Tuolumne County.

The fertile lands of the San Joaquin Valley were

utilized to grow hay and grain and to raise beef cattle

for sale to the miners. Towns such as Mokelumne Hill,

Angels Camp, and Murphy sprang up in the foothills and

flourished during the boom era of the gold rush. By i860

there were over l6,000 residents in Calaveras County. Water
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for mining operations and urban supplies was conveyed by

15 ditches with a combined length of more than 3OO miles.

Gold mining had passed Its heyday by 1875, and

there was a period of adjustment to the decline of mining

and local agricultural activities. A period of develop-

ment of large-scale lumbering, hydroelectric power estab-

lishments, and specialized agriculture followed the gold

mining days. In more recent times there has been a revival

of mining activities, the establishment of complex in-

dustrial and commercial enterprises. Increased irrigation

in agricultural operations, and the development of the

recreational potential of the area.

The principal water development activities in

the area of investigation have, in the past, been for the

purpose of furnishing water to outside areas. A major

portion of the waters of the Mokelumne River have been

developed in Salt Springs and Pardee Reservoirs and are

being further developed in Camanche Reservoir by the East

Bay Municipal Utility District for its use. A large portion

of the waters of the Calaveras River have been developed

by Hogan Reservoir. This storage is utilized in the lower

part of the area of investigation in San Joaquin County.

The current construction of New Hogan Dam will provide for

the further development of the waters of the Calaveras

River. The waters of the Stanislaus River Basin have been
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Agricultural and stock grazing lands ar» a principal source of income within the orea of investigation

The current construction of New Hogan Dam will provide for the further development of the waters of the Calaveras River
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extensively developed by the Pacific Gas and Electric

Company, particularly on the South and Middle Fork, for

use in the production of hydroelectric energy with in-

cidental consujnptive use in Calaveras and Tuolumne Counties.

Various irrigation districts on the floor of the San Joaquin

Valley have constructed works in the Stanislaus River Basin

to develop water supplies for use within their respective

districts.

Agriculture, particularly in San Joaquin and

Stanislaus Counties, is the major economic activity in the

Calaveras area. Other sources of income in the valley floor

portion of the area of investigation are food processing

industries, commercial establishments in the urban centers,

and livestock grazing. Agricultural products include row

crops, alfalfa, and deciduous fruits.

Within Calaveras County, the major sources of

Income are mining, lumbering, forest products Industries,

livestock grazing, agriculture, commercial establishments

in the urban canters, recreation, and the production of

hydroelectric energy. Agricultural products include

irrigated pasture for sustaining beef and dairy herds, and

some deciduous fruits, alfalfa, and grain. The forest

products industries include sawmills and plywood plants.

Commercial enterprises include the establishments necessary

to provide goods and services to the surrounding areas.
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Operators of agricultural and grazing lands in

the foothills of San Joaquin and Stanislaus Counties be-

tween the Mokeluinne and Stanislaus Rivers would be the

chief beneficiaries of water development in the Calaveras

area. These lands are now dry-farmed for livestock grazing

and the production of grain. Substantial benefits from

water development would also accrue to Calaveras County

through domestic use of water, irrigation, and the produc-

tion of hydroelectric energy.

A good transportation network crosses the Calaveras

area. State Highway 49 traverses Calaveras County from north

to south, and passing through the communities of Mokelumne

Hill, San Andreas, Altaville, and Angels Camp. State High-

way No. 4 crosses from west to east; it originates in

Stockton, intersects State Highway No. 49 at Altaville,

and continues eastward over the Sierra Nevada through

Ebbetts Pass. State Highways Nos. 8 and 12 originate in

Stockton and Lodi, respectively; they both extend to Valley

Springs and then continue their respective routes to

Mokelumne Hill and San Andreas. A network of county roads

is adequate to serve as secondary trasnportation links. A

branch-line of the Southern Pacific Company extends from

Lodi to the Calaveras Cement Company plant near San Andreas.
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CHAPTER II. WATER SUPPLY

The water supply of the Calaveras area originates

as direct precipitation, surface and subsurface inflow, and

water pumped from the Delta to the irrigated lands in the

San Joaquin Valley. A portion of the surface water supply

is used within the area of investigation, but most of it

either drains from the area by way of the Mokelumne,

Calaveras, and Stanislaus Rivers or is retained in storage

reservoirs for use in outside areas.

The major portion of surface runoff occurs during

late spring and early summer months from the melting of the

Sierra Nevada snowpack. By late summer the streams have

reached their annual minimum runoff and are sustained by

springs and areas of effluent seepage. Both precipitation

and runoff fluctuate widely from year to year.

Ground water, replenished by surface runoff, is

the principal source of water for irrigation in the San

Joaquin Valley. Most of the surface water applied to

irrigation in the valley portion of the area of investiga-

tion comes from the Mokelumne, Calaveras, and Stanislaus

Riversj the remainder is pumped from the Delta. In

Calaveras County, small irrigation supplies are obtained

from direct diversion of unregulated streamflow and from
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small water conservation works. Ground water In this

county is not a significant source of irrigation water.

For the purposes of this report, the term "study

period" refers to a period of years for which reliable

records are available and during which the conditions of

water supply and climate approximate those occurring

during the mesm period. The mean period for this report

extends from the years 1905-O6 to 1954-55.

The study period chosen for hydrologlc analysis

of ground water was the 7-year period 1952-53 through

1958-59. The study periods chosen for reservoir opera-

tion studies were the 15-year period 1920-21 through 1934-

35, and the 35-year period 1920-21 through 1954-55. The

shorter period was utilized during studies designed to

resolve the size of reservoir that would most economically

meet the water requirements of a given area; the longer

period was used for more detailed analyses of a system of

reservoirs designed to meet the water requirements of the

entire area of investigation.

Precipitation

Precipitation on the Calaveras area is derived

almost entirely from easterly moving storms that originate

over the North Pacific. This precipitation is generally

light on the valley floor and lower foothill areas and

moderately heavy in the highlands near the crest of the
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sierra Nevada. Increasing elevation has a marked effect

on the quantity of precipitation and on Its occurrence as

rain or snow.

Precipitation Stations and Records

There are 65 precipitation stations with unbroken

records of 10 years or more In or adjacent to the Calaveras

area. These stations are well distributed areally In the

lower portions of the area, but much of the foothill region

is unmeasured or contains stations of short duration. In

the portions of the area above an elevation of about 5,000

feet precipitation is measured at snow courses.

The longest period of recorded precipitation is

available for Stockton Fire Station No. 4, extending back

to 1867. The seasonal precipitation recorded at the Stockton

Fire Station No. 4 gage has varied from about 48 percent to

181 percent of the seasonal mean. The maximum seasonal

precipitation of record at this station occurred during

1957-58, when 25.25 Inches was recorded.

There are 22 snow courses located in or adjacent

to the CcLLaveras area which are measured and maintained as

part of the California Cooperative Snow Surveys. Eleven of

these courses are located in the uplands of the Stanislaus

River Basin, and an equal number are located in the uplands

of the Mokelumne River Basin. Only four of these courses

are located below an elevation of 6,000 feet. Three are

-23-



at an elevation above 8,000 feet. Because of the lack of

precipitation stations at higher elevations the records

obtained at the snow courses provide Important precipita-

tion data for the uplands of the Calaveras area and a

reasonable means of predicting quantities of runoff from

year to year.

Records of precipitation at the stations and snow

courses in or adjacent to the Calaveras area have been

published in bulletins of the U.S. Weather Bureau and the

Department of Water Resources. Location of stations and

snow courses are shown on Plate 3j "Lines of Equal Mean

Seasonal Precipitation, 1905-O6 through 195^-55."

The precipitation stations, with their elevations,

periods, sources of record, and values of meaji, minimum, and

maximum seasonal precipitation, are presented in Table 1.

Similar data for snow courses are presented in Table 2. In

those Instances where it was necessary, precipitation rec-

ords of nearby stations.

As used in this report the term "mean period" is

defined as a period chosen to represent conditions of water

supply over a long series of years. In studies conducted

during the Calaveras Area Investigation, the 50-year period

1905-06 to 195^-55 was selected as representative of mean

conditions of precipitation. Minimum seasonal precipitation

occurred in 1870-71 when 6.73 inches was recorded. Mean

monthly distribution of precipitation, for stations

-24-
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representative of both the valley and mountainous portions

of the Calaveras area. Is shovm in Table 3. Recorded

seasonal precipitation at selected stations in the area

of investigation is shown in Table 4.

Quantities of Precipitation

Estimates of seasonal quantities of precipitation

were determined for the San Joaquin Valley portion of the

area of investigation as an aid In estimating current

ground water storage conditions. Table 5 shows estimates

of the mean seasonal depth and quantity of precipitation,

as determined by:

1. Plotting recorded or estimated mean
seasonal precipitation for all stations in or
adjacent to the area and drawing lines of
equal mean seasonal precipitation, or isohyets,
as shown on Plate 3. As shown in Table 5> the
weighted meaji seasonal depth of precipitation
on the San Joaquin Valley area was 15.4 inches.

2. Multiplying the areas between iso-
hyets, in acres, by the average depths of
precipitation between the isohyets, in feet,
to derive the mean quantity of precipitation,
in acre- feet. This amounted to approximately
462,000 acre-feet per season.

3. Seasonal quantities of precipita-
tion during the seven-year study period were
estimated by correlating these estimates for
the mean period with the recorded precipita-
tion at Stockton, Lockeford, and Woodward.
As shown in Table 5, this amounted to approxi-
mately 477,000 acre-feet per season.
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TABLE 3

MEAN MONTHLY DISTRIBUTION OF PRECIPITATION
AT STOCKTON AND CALAVERAS BIG TREES

(1905-06 through 1954-55)



TABLE 4

RECORDED SEASONAL PRECIPITATION AT SELECTED STATIONS
IN THE CALAVERAS AREA
(In inches of depth)



TABLE 4 (continued)

RECORDED SEASONAL PRECIPITATION AT SELECTED STATIONS
IN THE CALAVERAS AREA
(In Inches of depth)



TABLE 4 (continued)

RECORDED SEASONAL PRECIPITATION AT SELECTED STATIONS
IN THE CALAVERAS AREA
(in Inches of depth)



TABLE 5

ESTIMATED SEASONAL DEPTH AND TOTAL QUANTITY OF
PRECIPITATION ON SAN JOAQUIN AREA GROUND WATER UNIT



The estimated seasonal depth and qusmtlty of

precipitation on the Main Stream and Tributary Units are

presented In Table 6. The procedure for evcLLuatlng these

factors was the same as outlined above.

The term "precipitation index," as used in

Tables 5 and 6, refers to the ratio of the amount of

precipitation during a given year to the mean seasonal

amount, expressed as a percentage.

Runoff

Runoff from rainfall and snowmelt in the

Mokelumne, Calaveras, and Stanislaus River Basins con-

stitutes the only significant source of water available

for development for use in the foothill and mountainous

portions of the Calaveras area.

This runoff has been extensively developed for

use outside the area of investigation, mainly in the San

Joaquin Valley and East Bay Municipal Utility District.

However, a substantial portion of the runoff is unregu-

lated and wastes from the area of investigation, par-

ticularly during wetter years, thus constituting a

potential source of water to meet future requirements.
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TABLE 6

ESTD^TED SEASONAL DEPTH
AND TOTAL QUArTTITY OF PRECIPITATION
ON I-IABI STREAl-I AITO TRIBOTARY UI-IITS

Main strean iinit Tributary Unit



stream Gaging Stations and Records

The records of streamflow for the Mokelumne,

Calaveras, and Stanislaus Rivers are sufficiently nu-

merous, long, and reliable to be used as a base for

hydrologlc analyses. There Is, however, a paucity of

records for most of the tributaries to the three rivers.

To estimate runoff of these tributaries It was neces-

sary to extend existing short-term records or to compute

runoff for ungaged streams by correlative methods with

nearby stations having records covering the mean period.

Streajn gaging stations pertinent to the hydrology

of the Calaveras area, together with their reference num-

bers, drainage areas, and periods ajid sources of record,

are presented in Table 7. Reference numbers for all

stations as shown on Plate 3 and listed in Table 7 have been

assigned by the Department of Water Resources.

Runoff Characteristics

Runoff from the Mokelumne and Stanislaus River

Basins is derived, for the most part, from snowmelt. As

a result, peak flows of these streams are reached in the

spring and early summer months, and low flows occur during

late svimraer months. The maximum elevations of the Calaveras

River Basin, however, are considerably lower than those of
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the Mokelumne and Stanislaus River Basins. Consequently,

snowmelt does not contribute as large a proportion to

the runoff of the Calaveras River as does rainfcLLl. Thus,

the monthly and annual patterns of runoff of the Calaveras

Basin closely approximate the monthly £ind annual varia-

tions in precipitation over the basin. Stream discharge

will increase greatly within a few hours following major

storms.

Continuous records of flow are available for

the three aforementioned river basins, covering the mean

period. The streajn gaging station on the Mokelumne Pliver

near Clements has been in existence since October 1904;

the station on the Calaveras River at Jenny Lind since

January 1907; and the station on the Stemislaus River at

or near Knight's Ferry has existed since I903. This lat-

ter gaging station was located at Knight's Ferry from

1903 to 1915> and was maintained slightly upstream from

Knight's Ferry from 1915 to 1932. In I931 a second gage

was added at a point just below Melones Powerplant where

it exists today. In 1957 a new gage was installed at

Tulloch Reservoir near Knight's Ferry in order to deter-

mine the operation of this reservoir.

Flow of the Mokelumne River above the valley

floor is impaired by Pardee, Salt Springs, amd Bear River

Reservoirs. The impairments to the flow of the CsuLaveras

River above Hogan Reservoir are negligible. The Stanislaus
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River flow Is Impaired by developments of the Pacific Gas

and Electric Company and by the Oakdale and South San

Joaquin Irrigation Districts.

Estimates of the natural runoff of the Mokelumne,

Calaveras, and Stanislaus Rivers were included in Bulletin

No. 1 for the period I894-95 through 1946-47. For the

purposes of this investigation, these estimates have been

revised in the light of more recent data and extended to

include the period 1947-48 through 195^-55.

Variations in annual and instantaneous runoff

may be illustrated from recorded flows. During the period

1907-08 to 1958-59, the maximum recorded annual flow of

the Mokelumne Fliver near Clements occurred in I9IO-II and

amounted to 1,500,000 acre-feet. Maximum recorded instan-

taneous flow was 28,800 second-feet on November 21, 1950.

During July and August of 193^, there were periods when

the flow dropped to zero

.

The maximum recorded annual flow of the Calaveras

River at Jenny Lind occurred during I9IO-II, and amounted to

539*000 acre-feet. The minimum recorded annual flow was

13,400 acre-feet in I93O-31. The maximum recorded instan-

taneous flow was 50,000 second- feet on January 31, 1911.

During the late summer months of most years, the flow drops

to zero.

The maximum recorded annual flow of the Stanislaus

PLLver at Knight's Ferry occurred during I906-O7, the total
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being 2,780,000 acre-feet. The minimum recorded annual

flow occurred in 1923-24 and amounted to 250,000 acre-feet.

The majcimum recorded instantaneous flow was 64,500 second-

feet on March I9, 1907. Flows of less than one second-foot

have been recorded on many occasions. A period of zero

flow occurred in December 1912, during the initial filling

of Goodwin Reservoir.

Recorded and estimated natural annual flows for

selected stations in the Calaveras area are presented in

Table 8.

Quantity of Runoff

Quantitative determinations of runoff in the

Calaveras area were made for the purposes of evaluating

potential water conservation projects and for the hydrologic

estimates of the San Joaquin area ground water basin. Avail-

able records of streamflow for the base periods were suffi-

cient to make these determinations. Natural runoff at

existing gaging stations was computed by making corrections

for impairments above the existing stations. Computations

for specific locations in the area of investigation, where

records were of short-term duration or nonexistent, were

based on precipitation information or made by correlation

with nearby gaging stations having records for the desired

period. The correlations employed in these determinations

were restricted to drainage areas having similar patterns
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of precipitation, topography, monthly distribution of run-

off, elevation, and other factors affecting streamflow

characteristics.

For the ground water hydrologic estimate of the

San Joaquin ground water area, values of measured and

estimated annual surface inflow to and outflow from the

basin were compiled. These values are presented in Table 9.

Imported and Exported Water

Water is exported by the East Bay Municipal Utility

District from the Mokelumne River Basin for use along the

east shore of the San Francisco Bay through an export con-

veyance system with a capacity of 310 second-feet, or about

200,000,000 gallons daily. Current (I963) additions to this

system will increase its capacity to 504 second-feet, or

about 325,000,000 gallons per day.

The Pacific Gas and Electric Company operates the

Amador Canal to divert water from the Mokelumne River for

irrigation and domestic use in Amador County. Water rights

for this diversion amount to 20,000 acre-feet annually, at

a rate not to exceed 30 second-feet.

Water is exported from the South Fork Stanislaus

River through the Lyons-Phoenix system of the Pacific Gas

and Electric Company for energy generation in the Phoenix

Powerplant and for consumptive use in the vicinity of
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Sonora area Is within the Tuolumne River Basin, the unused

portion of this exported water eventually appears as inflow

to the Tuolumne River Basin above Don Pedro Reservoir.

The Pacific Gas and Electric Company also operates

the Utlca Ditch system which diverts water from the North

Fork Stanislaus River near Avery for the generation of

hydroelectric energy in Calaveras County. None of the

water diverted through this system is used outside the

Calaveras area and most of it is returned to the Stanislaus

River.

Ground Water

There are no ground water basins of significant

size in the foothills and mountainous portions of the

Calaveras area. However, the use of small amounts of

ground water from limited ground water producing areas is

common. Wells utilized in these areas often provide an in-

sufficient supply during the fall months of water deficient

years. The development of additional wells in these areas

can be expected to result in lowering of water levels and

reductions in the yield of existing wells.

The San Joaquin Valley portion of the area of

investigation consists of the valley unit and portions of

main stream unit at the lower elevations. The area is one

of extensive agriculture, based in part on a water supply

from a vast ground water basin of considerable storage
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capacity. The characteristics, behavior, and safe yield

of this ground water basin were investigated by the State

Water Resources Board from 19^8 to 195^> and reported on

in Bulletin No. 11, "San Joaquin County Investigation,"

dated June 1955. Although additional study of ground

water conditions in this area were made for this investiga-

tion, the results reported herein are limited to general

conclusions. No plans have been formulated to serve water

to this area because the proposed Folsom South Canal seems

to be the most feasible supply facility.

In the Bulletin No. 11 studies the San Joaquin

area was divided into the Calaveras, Littlejohns, East

Mokelumne, and West Mokelumne units. These same units

are shown on Plates 4a and 4b and were utilized during the

Calaveras Area Investigation.

Since the publication by the State of Bulletin

No. 11 in June 1955^ ground water conditions in the San

Joaquin area have not improved. A concluding statement from

that report applies with equal emphasis at the present time

(1963) £Lnd is accordingly repeated below.

"The present basic water problems in the
San Joaquin Area are manifested in progressive,
perennial lowering of ground water levels and
in the threat of attendant degradation of the
mineral quality of the ground water.

"Elimination of these problems, preven-
tion of their recurrence in the future,
irrigation of Irrigable lands not presently
served with water, and provision for antici-
pated future urban and industrial growth will
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require the further development of water
supplies In streams tributary to the area,
or the importation of water supplies from
other potential sources, or some combina-
tion thereof.

"

The ground water basin underlying the San Joaquin

area, with a storeige capacity of over 4,000,000 acre-feet

between the levels of 25 and 200 feet below the ground sur-

face, functions as a natural regulatory reservoir for a

portion of the presently available water supply. It is

estimated that about 85 percent of the irrigated lands in

the area were served with water pumped from this reservoir

during the 1958-59 season. The gross extraction of ground

water in 1948-49 was about 381,000 acre-feet. Satisfactory

wells with yields sufficient for irrigation purposes may be

developed in all portions of the San Joaquin area.

The recent form of the free ground water surface

is shown on Plate 4A, "Lines of Equal Depth to Ground Water,"

and Plate 4b, "Lines of Equal Elevation of Ground Water."

Both of these plates represent conditions as measured in

the spring of 1959. Corresponding data for the fall of

1952 are shown in Bulletin No. 11. The estimated aversige

spring depth to ground water is presented in Table 10.

Because of the continuing development and exten-

sive use of ground water in the San Joaquin area, ground

water levels generally continue to fall. The average

changes in levels of ground water in the four ground water

units are shown in Table 11.
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TABLE 10

ESTIMATED AVERAGE SPRING DEPTH TO
GROUND WATER IN THE SAN JOAQUIN AREA

(In feet)



A comparison Is shovm below between the safe

yield of ground water from the San Joaquin area in 1960

and in 1952 as reported in Bulletin No. 11, from which

publication the term is defined.

"The term 'safe ground water yield,'
refers to the maximum rate of extraction
of water from a ground water basin which,
if continued over an Indefinitely long
period of years, would result in the main-
tenance of certain desirable fixed condi-
tions. Commonly, safe ground water yield
is determined by one or more of the follow-
ing criteria:

"1. Mean seasonal extraction of water
from the ground water basin does not exceed
mean seasonal replenishment to the basin.

"2. Water levels are not so lowered
as to cause harmful impairment of the
quality of the ground water by intrusion
of other water of undesirable quality, or
by accumulation and concentration of degra-
dants or pollutants.

"3. Water levels are not so lowered
as to imperil the economy of ground water
users by excessive costs of pumping from
the ground water basin, or by exclusion of
users from a supply therefrom."

The estimated safe groiind water yield for the San Joaquin

ground water area was estimated in Bulletin No. 11 to be

approximately 266,000 acre- feet per season. The study

made during the current investigation indicates that the

safe yield, based on a normal water supply and the mean

of ground water levels as they occurred during the 1952-59

period, has increased by approximately 40,000 acre-feet

per season. Overdrafts on a ground water basin frequently
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result in an apparent Increaase of the safe yield because

the concomitant reduction of water level increases the

gradient from neighboring ground water sources and results

in an Increase of subsurface inflow. Whether this truly

represents an increase of safe yield of the basin depends

on the degree to which the above-quoted criteria are met.

The scope of the current investigation did not provide

the answer to this question.

Since quantitative estimates of safe yield are

functions of the cultural development pattern and water

supply, and since the criteria for safe yield of a parti-

cular basin is subject to refinement as better records are

collected, further revisions of safe yield estimates are

to be expected. Field surveys of ground water conditions

in this area have been conducted periodically and the re-

sults were published in Supplements I-IV to Bulletin No. 11

dated respectively from May I956 to March 1959- Bulletin

No. 66-60, "Quality of Ground Water in California, I96O,

Part I, Northern and Central California," and Bulletin

No. 77-59, "Ground Water Conditions in Central and Northern

California," present the basic data of continuing ground

water monitoring programs.
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Water is diverted from the North Fork Stanislaus River through the Utica Ditch for use in Calaveras County

There li very llmitod uso of ground water in the foothill region* of the Calovotut aroa
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Water Quality

The surface waters of the Calaveras area are of

excellent mineral quality and are well suited to all bene-

ficial uses. The quality of water from all streams tested

was satisfactory for most irrigation purposes. The samples

also meet the U.S. Department of Public Health standards

for drinking water.

Ground waters of the area of investigation are

also generally of excellent mineral quality, and are well

suited to all beneficial uses. It should be noted, however,

that the quality of ground waters in areas of excessive

drawdown may be measurably affected where the ground water

area does not receive sufficient recharge to maintain a

reasonably stable level. Tests conducted during 1962 in

the Stockton area indicate a significant increase in some

wells of the chloride content of the underlying fresh water

supply. This chloride increase is probably the indirect

result of excessive ground water pumpage. During the period

1962-63 to 1958-59, the water table dropped at the rate of

about 1.5 feet per year in this area, which has reduced the

pressure on the deeper brackish and saline waters, apparently

allowing their upward migration and commingling with waters

of the fresh water-bearing aquifers. More recent measure-

ments of well levels indicate the rate of drawdown has been

approximately five feet per year in Central Stockton.

-59-



Water Quality Criteria

Criteria adopted by the Department of Water

Resources In evaluating mineral quality of water for

municipal, domestic. Irrigation, and fish and wildlife

uses are presented below. These criteria are guides for

the appraisal of water quality emd, except for those con-

stituents which are toxic to human beings, should be con-

sidered as suggested limiting values. Waters which exceed

one or more of these limiting values need not be eliminated

from consideration as a source of supply, but other sources

of more acceptable quality should be Investigated.

Domestic and Municipal Water Supply . The follow-

ing tabulation presents the limiting concentrations of

mineral constituents for drinking water as proposed by the

U.S. Public Health Service and adopted by the State of

California.

U.S. Public Health Service
Drinking Water Standards, 1962

Substance

Arsenic (As)
Barium (Ba)
Cadmium (Cd) ,r

Chromium (Hexavalent) (Cr )

Cyanide (CNJ
Flouride (F*

Lead (Pb)
Selenium
Silver (Ag)

Maximum Permissible
Concentration (mg/l

)

0.05
1.0
0.01
0.05
0.2

(See following table)
0.05
0.01
0.05
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Fluoride Concentrations*

Annual Average of



Irrigation Water . Criteria for mineral quality

of Irrigation water used by the Department of Water

Resources are developed at the University of California at

Davis and at the U.S. Department of Agriculture Regional

Salinity Laboratory at Riverside, California. Because of

diverse cllmatological conditions and the variation in

crops and soils in California, only general limits of

quality for irrigation waters may be suggested as follows:

Qiialitative Classification of Irrigation Waters



These criteria have limitations in actual prac-

tice. In many instemces, water may be wholly unsuitable

for irrigation under certain conditions of use aind yet

be completely satisfactory under other circumstances.

Consideration should be given to such variables as soil

permeability and drainage, temperature, humidity, rain-

fall, and other conditions that may affect the response

of a crop to a particular quality of water.

Preservation and Protection of Fish and Wildlife .

A water of high quality is necessary for the preservation

and protection of fish and wildlife. This high quality

is necessary both for the proper environment of fish and

the maintenajice of naturally occurring food upon which

fish depend for their sustenance.

Studies by various state and federal agencies

show that there are many mineral and orgajiic substances

in relatively low concentrations which are harmful to

freshwater fish and other aquatic life. Water quality

criteria for maintenajice of freshwater fishlife have been

suggested by the Department of Fish and Game as follows:

1. Dissolved oxygen content not less than
85 percent of saturation.

2. Hydrogen-ion concentration (PH) rang-
ing between 6.5 and 8. 5.

3. Conductivity between I50 and 500
micromhos at 25°C and, in general, not
exceeding 1,000 micromhos.
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Additional studies have shovm that fish and

other species of aquatic life are particularly sus-

ceptible to any one of the following:

1. Mineral salts of high toxicity (such

as mercury, copper, lead, zinc, cadmium,
aluminum, nickel, trivalent atnd hexavalent
chromium, and iron). Combinations of these
metallic salts are sometimes considerably
more toxic to flshllfe than any one salt
would be individually.

2. Detergents, poisons, and insec-
ticides employed in agricultural pursuits.

3. Unusual temperature conditions.
Normal range of water temperatures for
cold-water fish lies between 32° and 65°F.
For warm-water species, a desirable range
Is from 45° to 85°F, with cui absolute maxi-
mum of 91 °F.

4. Water discharges containing more
than 15 ppm of ether soluble material.

Surface Water Quality

Analyses of surface water samples collected

during 1959 from the Mokelumne, Calaveras, and Stanislaus

River Basins have shown that the waters of these basins are

of excellent mineral quality and are well suited for irriga-

tion and other beneficial uses. These waters are charac-

terized by a low content of total soluble minerals, chloride

and boron, and by a lov^ percent of sodium. The waters of

the minor tributary streams in the area of investigation

have a higher concentration of soluble minerals than the

waters of the main streams but are well within the allowable
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limits of Class 1 irrigation water. Selected mineral

analyses of representative surface waters are presented

in Table 12.

Ground Water Quality

Samples of water for quality analysis were

collected from selected wells within the area of inves-

tigation. From the standpoint of irrigation criteria the

mineral quality of water from these wells was generally

excellent. However, on the basis of suitability for

domestic use, water from some wells did not meet the

stajidards prescribed by the U.S. Public Health Service.

This situation occurs notably in the south-central por-

tion of Calaveras County, where users attach water softeners

to their wells. This precaution serves to bring the water

within the desired softness for domestic use. One well in

the vicinity of Valley Springs yields water that is unsuit-

able for any beneficial use.

Groxind water of the San Joaquin ground water area

was sampled from 80 sources in 1959. Of these 80 sources,

only 7 yielded water which did not satisfy the criteria for

domestic use or for Class 1 irrigation water. The rainges

and average concentrations of selected mineral constituents

of ground water samples are shown in Table 13.
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TABLE 13

RANGES AND AVERAGE CONCENTRATIONS OF
MINERAL CONSTITUENTS OF GROUND WATER IN THE

SAN JOAQUIN VALLEY GROUND WATER AREA

Constituents





CHAPTER III. LAND AND WATER USE

The water resources of the Calaveras area have

been developed extensively for both consumptive amd non-

consumptive purposes. Surface supply developments are

utilized in Calaveras County for the production of hydro-

electric energy, amd recreational, domestic, and limited

irrigational purposes. In the Sam Joaquin and Stanislaus

County portions of the area of investigation, ground water

has been extensively developed to support the thriving

local agricultural economy.

The nature ajid extent of present and possible

future water utilization and of requirements for additional

water supplies in the Calaveras area are discussed in this

chapter. In the discussion to follow, the area is divided

into geographically homogeneous units and water service

areas; the present and potential uses of the land are con-

sidered; and the present and future requirements for water

supply deliveries are presented.

Units of Investigation and Water Service Areas

To facilitate the discussion of land and water

use, the Calaveras area was divided into the Valley, Main

Stream, and Tributary Units as delineated on Plate 2,

"Area of Investigation." The Main Stream and Tributary
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Units were further divided Into subunlts or service areas

as shovm on Plate 2A, "Proposed Water Service Areas of

the MSLln Stream and Tributary Units."

The Valley Unit

The Valley Unit consists of the lands on the

S£Ln Joaquin Valley floor that lie within the area of in-

vestigation. Water supplies for this area are obtained

from the underlying ground water basin and from supplies

pumped from the Delta. Future supplemental supplies will

be obtained from the proposed Folsom South Canal of the

United States Bureau of Reclamation.

The Main Stream Unit

The Main Stream Unit consists of foothill lands

within the area of investigation that cam be served by

gravity from major reservoirs located at lower elevations

on the Mokelumne, Calaveras, and Stanislaus Rivers. This

unit was divided into the Bachelor and Hogan Subunlts.

The Bachelor Subunlt . This subunit includes

foothill lands located between the Stanislaus and the

Calaveras Rivers that would best be served by gravity

diversion from the Stanislaus River. It would also be

possible to serve lands in the western portion of this

subunit by pumping water from the proposed Folsom South

Canal

.
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The Hogan Subunlt . The service area consists

of foothill lands lying between the Calaveras and

Mokelumne Rivers that would best be served by gravity

diversion from New Hogan Reservoir. Here, also, there

are possibilities for serving some lands by pumping from

the Folsom South Canal.

The Tributary Unit

The Tributary Unit encompasses the remainder of

the area of investigation above the valley and foothill

lands that could be served by gravity from the major main

stream reservoirs. This unit is divided into the Lodgepole,

West Point, Railroad Flat, Jesus Maria, Emery, San Andreas,

Bear Mountain, Nassau, ajid Murphys-Angel Subunits.

The Lodgepole Subunit . The area is largely

devoted to lands under forest management which are utilized

for recreation. The water requirements of this area are

mostly to supply summer homes, resorts, and camping grounds

and may best be met by the construction of small local con-

servation and distribution works.

The West Point Subunit . The area includes all

irrigable lands between the North and South Forks of the

Mokelumne River. Supplemental water requirements for this

area may be met by small developments on the Middle Fork

Mokelumne River.
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The Railroad Flat Subunlt . This area encompasses

Icinds south of the Mokelumne River that may be served by

gravity flow from the South Fork Mokelumne River and the

North Fork Calaveras River.

The Jesus Maria Subunit . This area contains

irrigable lands in the Jesus Maria Creek Basin that may

best be served by the construction of a local reservoir

which, in turn, would be supplied by water diverted from

the North Fork Stanislaus River.

The Emery Subunit . This area encompasses

irrigable land in the vicinity of Sheep Ranch and Mountain

Ranch that csui best be served by water from a local

regulation reservoir that would be supplied from a con-

duit extending from the proposed storage facility in the

Jesus Maria Subunit.

The San Andreas Subunit . This area includes the

town of Ssm Andreas, the county seat of Calaveras County,

and lands adjacent to the South Fork Calaveras River.

This subunit may be served from an extension of the diver-

sion system to Angels Powerplant, from the Emery Subunit,

from the continued diversion of water from the South Fork

Mokelumne River, or by any combination of these three

possibilities.

The Bear Mountain Subunit . This area contains

irrigable lands in the Bear Mountain Range and in Salt
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Springs Valley. These lands may best be served by pumping

from Salt Springs Reservoir and by replacing the water

thus used with water from the proposed New Melones Canal,

as the present service area of Salt Springs Reservoir

lies below this canal.

The Nassau Subunit . This area includes irrigable

lands lying between the Bear Mountain Subunit and the

Murphys-Angel Subunit. This area may best be served by

small local developments supplemented by pumping from

Angels Creek or by gravity diversion from Angels Forebay.

The Murphys-Angel Subunit . This area is located

along the west side of the Stanislaus River and its North

Fork. This unit may best be served by diverting water from

the North Fork Stanislaus River at the Ganns Diversion site.

Land Use

Predictions of the future water requirements in

the Calaveras area are dependent upon estimates of future

use of the land and projections of population. The first

step in determining the future land use was to assess the

nature and extent of present land use. Similarily the

probable future land use was forecasted on the basis of

lauid classification survey data which segregated lands in

accordance with their suitability for irrigated agricul-

ture cLnd other uses.
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Table 14 shows the rural and urban permanent

population which is predicted for the Main Streajn stnd

Tributary Units by the year 2020. This estimate was

developed from previous work done by the department. The

detailed population estimates by type and service area

were derived by considering the economic potential and

adaptability of the Icinds.

The classification of lands of the Main Stream

and Tributary Units is shown in Table 15 . Corresponding

data showing the present land use sind the year 2020

predicted land use are presented in Table l6 and 17

*

respectively.

Land Use Classification

As an aid to land use predictions, lands of the

Main Stream and Tributary Units were segregated into the

following land use categories:

1. Irrigable agricultural lands.

2. Irrigable forest and ramge lands.

3. Urban and suburban lands.

4. Recreation lands.

5. Major park lands.

6. All other lands.

These major categories were subdivided into subclasses as

discussed in the following sections.
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TABLE 14

ESTIMATED PERMANENT POPULATION FOR YEAR 2020
IN THE MAIN STREAM AND TRIBUTARY UNITS

Subareas
:Urban and
: Suburban Rural Totals

Main Stream Subunlts

Bachelor
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Irrigable Agricultural Lands . These lajids were

classified according the slope and soil characteristics.

Both slope and related soil factors directly affect the

degree of suitability of the lands for Irrigation and

were the primary consideration In establishing the, "land

class," I.e., the maximum potential use of the land. In

predicting the future land use--partlcularly In the case

of Irrigable agricultural lands--the foregoing factors

were considered but were modified by additional analysis

of economic factors related to crop production and the

locations of the land with respect to the water supply.

Topographic characteristics of irrigable agri-

cultural lands are identified in the tables of this

bulletin by the following symbols:

V - These lands are level or slightly
sloping and vary from smooth to
hummocky or gently undulating re-
lief. The maxlmxim allowable slope
is six percent for smooth, reasonably
large-sized bodies lying in the ssime

plane. As the relief Increases and
becomes more complex, lesser slopes
are allowed. These lands are suitable
for all climatically adapted crops.

H - These are lajids with greater slope and/
or relief than those of the V class.
They vary from smooth to moderately
rolling or undulating relief. The
maximum allowable slope is 20 percent
for smooth, reasonably large- sized
bodies lying in the saime plane. As
the relief increases and becomes more
complex, lesser slopes are allowed.
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M - These are lands with greater slope
and/or relief than those of the H
class. They vary from smooth to
steeply rolling or undulating
relief. The maximum allowable
slope is 30 percent for smooth,
reasonably large-sized bodies ly-
ing in the same plane. As the
relief Increases and becomes more
complex, lesser slopes are allowed.

Irrigable agricultural lands Identified as V, H,

or M contain permeable soils with medium to deep effective

root zones. They are free of rock and not limited by a

high water table. Variations from this pattern are identi-

fied in the tables of this bulletin by the following sub-

symbols :

p - Shallow depth of effective root
zone; land limited to shallow
rooted crops.

r - Sufficient rock to prevent crop
cultivation.

w - High water table; land limited
to pasture crops unless drainage
and a change in irrigation prac-
tice increase its adaptability
to other types of crops.

Even in the most intensively developed areas of

irrigated agriculture, not all areas classified as irrigable

agricultural lands would receive water every year. The

gross irrigable areas were therefore reduced for the follow-

ing reasons:

1. Farmers would limit production on
lands having limited adaptability and pro-
ductivity to periods when economic condi-
tions were favorable.
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2. Crop rotation and fallowing would
reduce the e:xtent of Irrigated land.

3. Farmsteads, Industries, and rights-
of-way such as roads, railroads, and canals
would occupy acreage.

4. Certain nonlrrigable lands occur
within lands classified as irrigable because
the area involved was too small to delineate.

5. Small, irregularly shaped plots of
land, isolated by ownership or location from
larger units of irrigable land, would be
irrigated less readily than the larger units.

Estimates indicate that in the Main Streajn and

Tributary Units about 40 percent, or 96,300 acres, of the

gross irrigable agricultural lands would be devoted to

agricultural uses by the year 2020. For the above reasons,

it is doubtful if this use will ever closely approach 100

percent.

.rigable Forest and Range Lands

These lands are presently forested or subjected

to forest or range mansigement. They possess the slope and

soil characteristics of irrigable agricultural lands but,

because of conditions of climate and location, are best

suited to remain under some type of forest or range manage-

ment program. The tables of this bulletin identify irrigable

forest and range lands with the symbol "F"

.

Urban and Suburban Lands

These lands may be irrigable or nonlrrigable.

Irrigable lands classified as potential urban and suburban
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lands possess the characteristics of irrigable agricultural

lands (V, H, or M) but most likely will be used to absorb

urbaji and suburban expansion brought about by the antici-

pated increase in California population. Estimates of

population in the Main Stream and Tribtuary Units in the

year 2020 (Table l4) were used oo help determine the amount

of land classified as potential urban end suburban land.

The tables of this bulletin identify urban and suburban

lands by the following symbols:

LTD - Urban (city, town, small community)
lands; presently developed for
commerce, industry, and residences.

U - Potential urbsm (city, town, small
community) lajids; probable intense
future development for commerce,
industry, and residences.

SR - Suburban and potential suburban
lands; low density of residences;
little or no commerce or industry.

The main purpose in the determination of U and

SR lands was to indicate those Irrigable lands of the area

which urban encroachment would render unavailable for

agriculture by the year 2020. Computation of water use in

U and SR lands by the year 2020 is based on predicted

population rather than on area.

Recreation Lands

These consist of Isinds presently or potentially

characterized by fairly intensive recreation development
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requiring water service. The classification does not In-

clude those high mountainous lajids Intensively used for

recreation purposes by hunters and fishermen. Estimates

of future population expansion (Table l4) and recognition

of the increasing demand for recreation areas helped deter-

mine the acreage classified as potential recreation land.

Estimates indicate that land so classified will be devel-

oped to its full potential by the year 2020. Computation

of water use in recreation lands is based oi predicted

population rather than on area. Types of recreation lands

are identified in the tables of this bulletin by the follow-

ing symbols:

RR - Existing and potential penuanent
and summer home tracts.

RC - Existing and potential commercial
areas (motels, resorts, hotels,
stores, etc.

)

RT - Existing and potential camp and
trailer sites.

RR lands subdivide according to their probable

density of development; fewer houses per acre; for example,

will be built on hilly land thsm on flat land. Calcula-

tions of the density of development of RR, RC, and RT lands

provided a basis for predicting water use and requirements

by the year 2020.

Major Park Lands

These lands use little water and consist of exist-

ing county, state, and federal parks, race tracks, and
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fairgrounds. The tables of this bulletin identify major

park lands with the symbol "PP".

All Other Lands

These are Identified in the tables of this bulle-

tin by the symbol "N" . The classification consists of all

lands not included in one of the five previous designations,

Table 15 shows all 6 designations and lists by units the

acreage within each classification in the Main Stream and

Tributary Units.

General Considerations Regarding Land Use

The development of a staged land-use pattern is

contingent upon many factors, including:

1. The quantity and cost of water that can
be made available during the projected period.

2. The quantity, continguity, and produc-
tive ability of available lands susceptible to
irrigation.

3. Estimates of demand for, and net
revenues from, crops grown on project lands.

4. Estimates of the amount of lands to
be utilized for summer homes and for urban,
recreational, and industrial developments.

5. Forecasts of future transportation
facilities affecting increases in population
of nearby large urban centers.

Preliminary operation studies and cost estimates

of potential projects indicate that some 30,000 acre-feet

of water annually could be developed for use in the Tribu-

tary Unit.
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In the Main Stream Unit, no limits were placed

on the water that could be developed in projections of

future land use. However, only those lands with payment

capacities of from $5 to $10 per acre-foot were considered

as likely to be developed by the year 2020.

Most of the irrigable lands in the Valley Unit

are already under irrigation. Moreover, adequate and cheap

water supplies for lands not now being irrigated will be

obtainable in the future from the proposed Folsom South

Camal . For this reason, the survey that was conducted on

lands within the Valley Unit is not included in this report.

Present Land Use

Patterns of land use that existed during 1958 and

1959 were determined from field surveys during the current

investigation. Data obtained during these field surveys

are considered to be representative of present conditions

of land use. A summary of the results of these surveys in

the Tributary and Main Stream Units, and their subunits,

is presented in Table l6. Present lemd use is pictorially

presented on Plate 5, "Classification of Present and

Potential Land Use."

It will be noted that the predominate present use

of lands requiring water service is for irrigated cigricul-

ture . However, in the higher elevations tf the area of in-

vestigation the use of land for urban, suburban, and
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recreational purposes Is proportionately much higher than

in the lowlands. It is expected that this pattern of land

use will continue In the future.

Projected Patterns of Land Use

An estimate of the potential land use pattern

was prepared during the current investigation to aJ.d in

estimating probable water requirements for the year 2020.

It is possible that, beyond this date, additional agricul-

tural lands will require water service to meet the ultimate

projected needs of the State. In view of the inherent un-

certainties of predicting the pattern of future development,

projections of land use were limited to the period ending

at the year 2020.

Present Water Use

Of the presently developed waters utilized in the

Tributary and Madn Stream Units of the Calaveras area, only

63,500 acre-feet per year are consumptively used. It is

estimated that the consumptive requirements of water for

these units will approach 300,000 acre- feet annually by the

year 2020. Of this future requirement, about 260,000 acre-

feet ajinuaJ.ly must be developed by new projects; the apparent

loss of 23,500 acre-feet per year is attributable to in-

creased evaporation from the new projects. In addition.
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there will be Increased nonconsumptlve requirements for

fish and wildlife enhancement and hydroelectric generation.

Present Water Supply Development

Although there has been extensive development

of the waters within the area of investigation, there

remains substantial amounts of unregulated water that

could be developed for beneficial use. There has been

no significant development of water in the area for several

decades. On the valley floor, ground water is the princi-

pal source of supply utilized in the production of irrigated

crops and for industrial and urban uses. The foothill and

highland areas obtain their water supplies mainly by direct

diversion of unregulated water below hydroelectric projects.

The use of ground water in these latter areas is extremely

limited. The existing water supply developments within the

Calaveras area are shown on Plate 7^ "General Plan of Exist-

ing and Proposed Water Supply Development,"

Mokelumne River Basin . The Mokelumne River has

been extensively developed by several agencies, primarily

for the generation of hydroelectric energy. Most of the

water thus developed is exported to areas outside the scope

of this investigation; a small portion of this water is

used for local irrigation. The Pacific Gas and Electric

Company operates a complex hydroelectric system on the

North Fork Mokelumne River consisting of seven reservoirs
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totaling 214,000 acre-feet of storage, and four powerplants

having a combined installed capacity of 219,000 kilowatt.

Water is regulated in Twin Lakes, Upper eind Lower Blue

Lakes, Meadow Lake, Upper and Lower Bear Reservoirs, amd

Salt Springs Reservoir. Releases are made from Lower Bear

and Salt Springs Reservoirs, through separate units of Salt

Springs Powerplant. From this powerplant, the regulated

water is discharged through Tiger Creek and West Point

Powerplants located on the North Fork, and Electra Power-

plant located on the main stem of the Mokelumne River.

The Amador Canal diverts water from Lake Tabeaud,

the forebay for Electra Powerplant, for domestic and irriga-

tion use in Amador County. For the period 1925-26 through

1951-52, the maximum annual diversion through the Amador

Canal was 10,700 acre-feet in 1936-37; the minimum was

5,600 acre-feet in 1951-52. Water rights pertaining to

the Amador Canal, based upon use prior to the date of the

Water Commission Act and subsequent adjudications, provide

for an annual diversion of 15,000 acre-feet at a rate not

to exceed 30 second-feet.

The Calaveras County Water District owns and

operates a small reservoir on Bear Creek, a tributary to

the Middle Fork Mokelumne River. Water released from this

reservoir is diverted downstream and conveyed by pipeline

to a second small reservoir near West Point. Here the
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water is treated and distributed to 136 domestic users.

The annued yield of this system is about 340 acre-feet.

The Calaveras Public Utility District operates a

water distribution system that supplies water to domestic

and industrial users in and near the towns of Wilseyvllle,

Mokelumne Hill, and San Andreas. This system consists of

Schaad Reservoir with a capacity of 1,700 acre-feet on the

Middle Fork Mokelumne River and the necessary ditch systems

for distribution of water to some 800 users. The water

rights to this diversion amount to 12.5 second- feet for a

toteil of 9,000 acre-feet annually with a maximum perralssable

diversion rate of 15 second-feet. The actual amount of

diversion amounts to 4,500 to 7,500 acre-feet of which not

more than some 3^500 acre-feet reaches the users due to the

poor efficiency of the distribution system.

The East Bay Municipal Utility District owns and

operates Pardee Reservoir on the main stem of the Mokelumne

River. Pardee Reservoir has a storage capacity of 210,000

acre- feet and supplies water to satisfy downstream riparian

rights, to users served by the Woodbridge Irrigation District,

to export water for use within the East Bay Municipal Utility

District, and for the production of hydroelectric energy in

Pardee Powerplant. The district is constructing Ccunanche

Dam on the Mokel\imne River downstream from Pardee Dam.

This dam will create a reservoir of 355,000 acre-foot

capacity for the purpose of flood control and to provide
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the district with Its full annual entitlement of 364,000

acre-feet of water from the Mokelumne River.

The Woodbridge Irrigation District diverts water

from the Mokelumne Pliver at Woodbridge Dam, located adja-

cent to the town of Woodbridge. The diversion system con-

sists of about 70 miles of canal that deliver water to

about 14,200 acres within the district and about 21,200

acres without. For the 7-year period 1952 through 1959*

the average gmnual diversion by the district was about

122,000 acre-feet.

Calaveras River Basin . The present development

of the Upper Calaveras River Basin is limited to minor

storage facilities and diversions. The Calaveras Public

Utility District owns and operates a reservoir of 775

acre- foot capacity on the North Fork Calaveras River near

Railroad Flat. Water from this reservoir is used to irri-

gate about 80 acres downstream f]?ora the dam.

Two smcLll direct diversions of unregulated stream-

flow are made from San Antonio Creek, the major tributary

of the Calaveras River. The Calaveras County Water District

operates a small diversion works located about 4 miles east

of Sheep Ranch to divert water, through a poorly maintained

ditch, to 33 users in the vicinity of Sheep Ranch. Down-

stresun from the Sheep Ranch Diversion, the California Youth

Authority diverts water for use at the Frlcot Ranch School.
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Water is conveyed by pipeline which has a capacity of 205

gallons per minute. During the dry periods of some years,

the r\inoff of San Antonio Creek is insufficient to meet

the requirements of these two diversions. Other develop-

ments in the Upper Calaveras River Basin consist of minor

direct diversions and/or farm ponds having negligible yield.

The U.S. Army Corps of Engineers is currently

enlarging the capacity of Hogan Reservoir on the main stem

of the Calaveras River. New Hogan Reservoir will have a

capacity of 325^000 acre-feet and will be operated primarily

to provide flood control for the Calaveras River and to

supply a new yield of about 38*000 acre-feet annually.

Stanislaus River Basin. The waters of the

Stanislaus River Basin have been extensively developed by

the Pacific Gas ajid Electric Company and the Oakdale-South

San Joaquin Irrigation Districts.

The Utlca system is operated by the Pacific Gas

and Electric Company on the North Fork Stamlslaus River,

which comprises Splcers Meadow Reservoir on Highland Creek,

Alpine Reservoir on Silver Creek, Union and Utlca Reservoirs

on the Upper North Fork, and the Utlca Ditch Diversion on

the North Fork near Avery. Utlca Ditch has a capacity of

88 second-feet, sufficient to supply 64,000 acre-feet per

year to Hunter Reservoir. The ditch conveys water to

Hunter Reservoir on Mill Creek where the water is regulated
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and thence conveyed by ditch and fliune to Murphys Forebay

near the town of Murphys for subsequent discharge through

Murphs PowerplEint. Hvinter Reservoir has a capacity of 200

acre-feet and Murphys Poweiplant has an installed capacity

of 3,600 kw. The Calaveras County Water District diverts

water from Hunter Reservoir to supply some 70 users in

Hathaway Pines. A portion of the Utica Ditch Diversion

bypasses Murphys Forebay and spills into Taylor Creek,

where it is diverted by the Calaveras Water Users Associa-

tion for use in the town of Murphys.

After passing through Murphys Powerplant, the

water is reregulated in a small afterbay, from which about

2,000 acre-feet annually Is diverted by the Calaveras Water

Users Association to about 500 users. The remaining supply

is released to Angels Creek for diversion downstream through

an extension of the Utica Ditch. This diversion aimounts to

about 1,800 acre-feet annually and is utilized for the

irrigation of lands within the Angels Water Users Associa-

tion. The remainder of the flow is transported to Angels

Forebay where it is again regulated. From this point, a

portion of the water is distributed among some 620 users

in the towns of Angels Canp and Altavllle, the remed.nder

passing through Angels Powerplant on Angels Creek which

has an Installed capacity of 1,400 kw.
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The discharge from Angels Powerplant Is released

to Angels Creek where it becomes available for diversion

to the area below Angels Camp and above Melones Reservoir.

Two ditches serve irrigated laxids in this vicinity. All

unused water is returned from the Utica system to the

Stamislaus River above Melones Reservoir.

The waters of the Middle Fork Stanislaus River

are the most completely regulated in the Stanislaus River

Basin. Relief Reservoir on Relief Creek, with a storage

capacity of over 15,000 acre-feet, was initially operated

to supply water to Stanislaus Powerplant through a gross

head of about 1,500 feet. Additional reservoirs have been

constructed on the Middle Fork Stanislaus River in recent

years, smd water from Relief Reservoir now passes through

the entire system of development.

Oakdale and South San Joaquin Irrigation Districts

have constructed Donnells and Beardsley Reservoirs on the

Middle Fork Stanislaus River with storage capacities of

64,500 and 97^500 acre-feet, respectively. These reser-

voirs are operated by the two irrigation districts to

increase the dependability of their water supplies from

the Stanislaus River Basin. Water released from Donnells

Reservoir is routed through a tunnel to Donnells Powerplant,

located at the upper end of Beardsley Reservoir. Donnells

Powerplcint has an installed capacity of 54,000 kw. Water '
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from Beardsley Reservoir is passed through Beardsley Power-

plant, located at the toe of the dam. The powerplant has

asi installed capacity of 10,000 kw. The water from

Beardsley Powerplant is reregulated in Beardsley Afterbay

and then released downstream to Samd Bar Flat Diversion

where the water is conveyed to Steinislaus Powerplant.

Between Beardsley Afterbay and the Sand Bar Flat Diversion,

the flow of the Middle Fork Stanislaus River is augmented

by an import from the South Fork Stanislaus River through

the Philadelphia Ditch which supplies the Spring Gap

Powerplant. Because of the increased regulation of the

Middle Fork Stanislaus River afforded by Beardsley and

Donnells Reservoir, the installed capacity of the Stanislaus

Powerplant is being increased to 82,000 kw.

The Pacific Gas and Electric Company operates

two hydroelectric power systems on the South Fork Stemislaus

River. The upper system begins at Strawberry Reservoir,

with a capacity of l8,600 acre-feet. Regulated water is

released to the South Fork Stanislaus River and is diverted

through the aforementioned Philadelphia Ditch and Spring

Gap Powerplant on the Middle Fork Stsmislaus River. This

powerplant has an instailled capacity of 6,000 kw. For the

period of October 1939 through September 1958, the average

annual diversion through the Philadelphia Ditch was 31,500

acre -feet.
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The lower system consists of Lyons Reservoir,

the Tuolumne Ditch, Phoenix Powerplant, and Phoenix

Reservoir. Lyons Reservoir has a storage capacity of

5,500 acre-feet. Water is conveyed from this reservoir

via the Tuolumne Ditch to the Phoenix Powerplant, which

has an Installed capacity of 1,600 kw. Enroute, diver-

sions are made from the Tuolumne Ditch to serve the water

needs of the Twain Harte, Tuolumne, and Columbia areas.

The water discharged through Phoenix Powerplsmt is re-

regulated in Phoenix Reservoir on Sullivan Creek, a tribu-

tary of the Tuolumne River. This reservoir has a capacity

of 850 acre-feet and is the principal source of water

supply for Tuolumne County Water District No. 2. The

water is used for irrigation and domestic purposes in the

Standard, Sonora, and Jcunestown areas. For the period of

October 1937 through September 1958, the average annual

diversion from Lyons Reservoir was 17,500 acre-feet.

Conservation and diversion works on the main stem

of the Stanislaus River are owned and operated by the Oakdale

and South San Joaquin Irrigation Districts. The works in-

clude Melones, Tulloch, and Goodwin Reservoirs, and two

large capacity canals serving the districts both north

and south of the Stanislaus River. Melones Reservoir, with

a storage capacity of 112,000 acre-feet, is the principal

storage facility. Water released from Melones Reservoir
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passes through the Pacific Gas and Electric Company's

Melones Powerplant, with an installed capacity of 23,400 kw.

The water is then reregulated in Tulloch Reservoir, which

has a storage capacity of 68,000 acre-feet. Releases from

Tulloch Reservoir pass through a powerplant owned by the

irrigation districts. The powerplant has an installed

capacity of 17,000 kw . This water is, in turn, reregulated

in Goodwin Reservoir for subsequent discharge into the

aforementioned irrigation cajials.

Foothill Streams . Several small stream basins

located in the foothills of the area of investigation con-

tain water storage facilities that are of importance. The

major foothill stream is Littlejohns Creek, which drains a

major portion of the foothill and valley floor areas be-

tween the Calaveras and Stanislaus Rivers. The major

developments on this creek include Woodward Reservoir on

the Simmons Creek Tributary, Salt Springs Reservoir on the

Rock Creek Tributary, and Farmington Reservoir on lower

LittleJohns Creek. These three reservoirs impound a total

of nearly 100,000 acre-feet for the purpose of augmenting

irrigation supplies and in the case of Farmington Reservoir

for flood protection.

There are also numerous farm ponds located on

the various foothill streams that provide rather insignifi-

cant amounts of water for local use.
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Water Requirements

Estimates of the water deliveries required for

consumptive use on agricultural lands have been prepared

by applying unit values of water use to the land use areas

previously discussed. Estimates of water requirements for

other uses, discussed In subsequent sections, were based

on per capita demands and population forecasts.

Unit Use of Water

Unit values of water use were determined for

each of the major types of land use in the area of in-

vestigation. These were based on unit values in other

areas, adjusted for conditions in the Calaveras area.

Irrigation Water . Average annual unit values of

consumptive use of applied water for irrigated crops in the

area of investigation were determined by an empirical method

which makes use of measured ajnounts of consumptive use suid

cllmatological factors. The derived unit values of con-

sumptive use would occur under average conditions of

climate ajid an adequate water supply available to produce

optimum crop yields.

The efficiency of application of irrigation water

is the ratio of the quantity of water consumptively used to

the amount of water required at the farm headgate. Estimates

of probable efficiency must take into account soil charac-

teristics, terrain, types of crops irrigated, present
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Irrigation practices, and probable future irrigation

practices. Estimates of irrigation efficiency for large

areas are, of necessity, very general and represent the

efficiency resulting from many individuals irrigating

various crops on different types of land.

The estimated annual unit consumptive use of

applied water, the estimated average farm irrigation

efficiency, and the resulting unit farm water delivery

requirements are shown in Table l8.

Population in Year 2020. Estimates of water use

for urban, suburban, and recreational purposes were based

on estimates of permanent population in the year 2020.

The estimated populations of the Main Stream and Tributary

Units of the Calaveras area in the year 2020 are shown in

Table l4. These projections were based upon estimates by

the Department of Water Resources for the counties involved.

Population estimates for various subunlts were made in

accordance with existing emd projected developments, with

special consideration given to the probability of further

industrial developments, oriented to mineral resources,

in the San Andreas, Murphys-Angels, Bear Mountain, and

Hogan Service Areas. Further developments in lumbering

and wood processing are expected in the West Point vicinity,

and to a lesser extent elsewhere, drawing on the commercial

stands of timber found at higher elevations. Also, small
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homeslte developments and recreation-oriented services and

facilities are expected to continue to Increase in the

eastern half of Calaveras County. The rural population

estimate is based upon expected agricultural developments,

as well as em expected increase in miral, nonfarm residences,

Urban and Suburban, Recreation, and Rural Domes-

tic Water Use . Estimates of unit values of water use for

urban, suburban, recreational, and rural domestic purposes

were determined on a per capita basis. Estimates of unit

consumptive use of water for population categories were

made from studies of water deliveries to communities in

the Calaveras area and from studies of other representative

communities in the mountain and foothill areas of the

Sierra Nevada. These studies indicate that the average

rate of water deliveries to these communities is about

200 gallons per capita per day. From the same data, it

was estimated that the present average rate of consumptive

use is about 100 gallons per capita per day.

The average rate of water use per capita for

various types of urban development has been increasing

for the past several decades and Is expected to continue

to increase in the future. However, past rates of increase

do not form a completely satisfactory base from which to

project the level of future use. From prior studies of

water use trends, it was estimated that the urbaji and
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suburban unit requirement for water In upleind communities

would Increase to about 250 gallons per capita per day by

the year 2020. It was further estimated that rural domes-

tic use of water will not change within the near future.

For the purposes of this Investigation, It was

assumed that water requirements for all recreational use,

where population concentrations exceed 1.8 persons per

acre, would be supplied as part of the urban requirement.

For rural domestic population densities of less than 1.8

persons per acre. It was assumed that water requirements

would be contained In the Irrigation supply. This assump-

tion was made on the premise that home sites In less

densely populated areas would probably occupy lands

classified as Irrigable.

Consumptive Use of Applied Water

Estimates were made of consumptive use of applied

water under present and year 2020 conditions of development,

These estimates were based upon the previously presented

estimates of unit values of consujnptive use of applied

water, present and future patterns of land use, and present

and future population.

Present Consumptive Use of Applied Water . The

sunount of applied water consumptively used on presently

irrigated lands was taken to be the product of the acreage

devoted to each irrigated crop and its estimated mean unit
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value of consumptive use. It was assumed that all crops

are presently receiving a full water supply so that suffi-

cient moisture is available in the root zone to maintain

active plant growth.

The amount of consumptive use of applied water

In urban, suburban, ajid recreational areas was estimated

as the product of population for each category and the

appropriate value of per capita consumptive use of water.

Estimates of consumptive use of water for urban ajid sub-

urban categories Include an allowance for industrial

purposes.

Estimates of present mean annual consumptive

use of applied water in the Main Streams and Tributary

Units are presented in Table 19

.

Year 2020 Consumptive Use of Applied Water . Year

2020 annual consumptive use of applied water by agricultural,

urban, suburbsm, rural, and recreational areas was estimated

as the product of the forecast level of development and

appropriate unit value of consumptive use of water. The

methods and assumptions used were the same as those employed

to estimate present consumptive use of applied water. The

estimated values of consumptive use of applied water under

year 2020 conditions are presented In Table 20.

Irrigation Efficiencies. Water requirements

depend, to a large extent, upon the efficiency with which
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delivered water Is utilized. Irrigation efficiencies are,

therefore, used to convert consumptive water requirements

to delivery requirements. The Irrigation efficiencies

used In determining farm delivery requirements are pre-

sented In Table 18. Total requirements for domestic uses

of water wor'e computed using an efficiency of 50 percent.

Monthly Demands for Water . Since Irrigation

demands fluctuate widely from month to month, the capacity

of the distribution system must be sufficient to meet the

peak demand. Irrigation demands occur primarily in the

summer, from May through October. The maximum demand for

water in the Calaveras area occurs during July.

The demand pattern for domestic water is nearly

continuous throughout the year with increases during the

summer months for the watering of lawns and gardens.

Recreational demands also show Increases during summer

months. Monthly demands for water for the generation of

hydroelectric energy have a pettern similar to that for

combined irrigation and domestic requirements. Estimated

monthly distribution of demands for water in the Calaveras

area are presented in Table 21.

Permissible Deficiencies . Studies were not made

during this investigation to determine deficiencies in the

supply of irrigation water that might be endured without

permanent injury to perennial crops. It has been determined
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TABLE 21

ESTIMAIED AVERAGE MONTHLY DISTRIBUTION
OF DEMANDS FX)R WATER

IN THE CALAVERAS AREA
(in percent of seasonal total)

Month



in the past that in areas similar to the Calaveras area,

crops can endure a 35 percent deficiency in the annual

water requirements if such deficiency occurs only at

relatively long Intervals of time. It is assumed that a

deficiency of 35 percent could be endured in one year of

the 35 year operational period utilized in this investiga-

tion. However, since the Irrigation demand for the

Tributary Unit is less than 15 percent of the total

demand, including hydroelectric requirements, no defi-

ciency was taken in studies involving water diverted from

the North Fork Stanislaus River.

Conveyance Losses . Conveysmce losses result from

seepage, leakage, evaporation, and transpiration of riparian

vegetation. For the purposes of this investigation it was

assumed that conveyance losses would approximate return

flow from irrigated lands not accounted for in the deter-

mination of water requirements in irrigable areas. It will

be seen thatreuse of applied water will depend upon the

contiguity of the irrigated lands within a service area and

the facility with which this return flow may be directed

to beneficial use. Generally, it was felt that the dif-

ference between the amount of applied water and the con-

sumptive use of an area, less 10 percent consumption by

weeds, would be available for reuse. This amount should

be sufficient to allow for the expected losses in supply

and distribution ditches.
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Water Requirements

Water requirements were estimated for present

conditions and for the year 2020. These estimates were

assumed to be those cimounts of water required at the farm

headgate or the point of connection with a domestic delivery

system.

Present Water Requirements . Estimates of the

atmount of water required on presently irrigated lands

were derived by the product of the acreage devoted to each

irrigated crop and its estimated unit delivery requirement.

Water requirements for urban, suburban, rural,

and recreational uses were estimated as the product of the

population count in each category and the corresponding

unit values of water delivery requirements.

Estimates of present meaji annual water require-

ments in the Main Stream and Tributary Units are presented

in Table 22.

Year 2020 Water Requirements . Year 2020 water

requirements for agricultural, urban, suburban, rural,

and recreational areas were estimated as the product of

the projected level of development and the corresponding

unit value of water delivery requirement. The methods and

assumptions utilized were the same as those employed to

estimate present consumptive water requirements.
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Estimates of annual water requirements for the

year 2020 in the two units are presented in Table 23.

Nonconsumptive Water Requirements

Certain nonconsumptive requirements for water,

such as those for hydroelectric power generation, conserva-

tion of fish and wildlife, cind recreational pursuits, were

considered to be significant in planning for the comprehen-

sive development of water resources in the Calaveras area.

In most instances, the magnitude and effect of nonconsump-

tive water requirements must be determined individually

for each segment or unit of a project. Therefore, the

following discussion of nonconsumptive water requirements

is presented in general terms, and specific discussion of

requirements is presented, where appropriate, in other

portions of this bulletin.

Hydroelectric Power Generation . The principal

noncons\imptlve requirement for water within the area of

investigation is for the production of hydroelectric energy.

Although this requirement does not generally result in the

consumption of water or in a depletion of water supply, it

plays a substantial part in the regimen of stored water.

Revenue from the sale of hydroelectric energy and power

could reduce the cost of water to the various water users.

Recreation and Fish and Wildlife . By virtue of

its climate and natural attractions, the Calaveras area
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Water for stock watering purposes and for the development of hydroelectric energy is essentiol to the economy of the area investigated
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has outdoor recreational potentials of great Importance to

the local economy and of significant Importamce to the

State as a whole. With anticipated continued grovrth in

population and an increasing interest in recreation, it

is expected that public demand for preservation and en-

hancement of recreational opportunities and of fish and

wildlife will be of sufficient importance to warrant con-

sideration in the planning of any water conservation

project.

Boating, sailing, and swimming are genersilly

incidental uses of water development for other purposes.

However, in certain areas the recreation potential of a

reservoir may be improved by slight modifications in the

operation procedure without noticeably affecting the re-

quired yield therefrom. Insofar as possible, every con-

sideration was given to the improvement of recreational

potentials of reservoirs within the area of investigation.

The preservation and propcLgation of fish life is

also of considerable importance to the economy of the

Calaveras area. Water released from a reservoir for the

preservation or enhancement of fish life does not constitute

a consumptive use of water. These releases, however, are

frequently incompatible with the demand for other beneficial

uses. Nevertheless, it is important that existing fisheries

be maintained and that certain fisheries be enhanced or

created where none previously existed.
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During the course of this Investigation, the

California Department of Fish and Game conducted studies

of the fisheries along North Fork Stanislaus River, the

results of which are presented in Appendix A. This

appendix establishes recommended minimum flews for the

North Fork Stanislaus River and discusses the enhancement

which would result from greater flows. In plajining for

water development, the recommended maintenance flows were

provided. Insofar as practicable, in keeping with other

beneficial requirements and financial feasibility.

Flood Control . Flood damage within the foothill

and highlands portions of the Calaveras area in the past

has been relatively light. Damages have usually been

limited to roads, bridges, ajid minor erosion of agricul-

tural lands. In preliminary planning of water conserva-

tion projects, flood control was, therefore, not considered.

Flood protection to valley lands will be provided in the

near future as a result of the construction of major storage

reservoirs on the lower reaches of the Mokelumne, Calaveras,

and Stanislaus Rivers.

118-



J

\

\\





CHAPTER IV. WATER RIGHTS

Adequate approprlatlve water rights are a

necessary prerequisite to the construction of any water

development project, whether large or small, which in-

volves a storage or direct diversion of surface water for

use on nonriparian land. Prior to December 19, 1914, the

effective date of the Water Commission Act, rights by appro-

priation could be initiated by the diversion and beneficial

use of water and the priority could be preserved by re-

cording a notice with the county recorder. Since that

date, initiation of appropriative rights has been made by

filing an application with the State Vjater Rights Board, or

one of its predecessor agencies. If unappropriated water

is available and other requirements are met, a permit is

issued, and after the application of the water to the con-

templated beneficial use is completed, the right is con-

firmed by a license. The priority of the right is the date

on which the application was filed.

State Applications

The Legislature, during its 192? session, enacted

Chapter 286, which is now codified in Part 2 of Division 6
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Code. Section IO500 of this part of the Water Code reads,

in part, as follows:

"10500. The Department shall make and file
applications for any water which In Its judgment
is or may be required in the development and com-
pletion of the whole or any part of a general or
co-ordinated plan looking toward the development,
utilization, or conservation of the water resources
of the State. ..."

Under the authority vested in it by the preceding

section, the State has filed water rights applications in

furtherance of irrigation and domestic developments in the

Mokelumne, Calaveras, and Stanislaus River Basins. Appli-

cations Nos. 5647, 5648, and 5649 were filed on July 30,

1927, Applications Nos. 13333 and 13334 were filed on

September 6, 1949, and Applications Nos. 14858 and 14859

were filed on June I6, 1952.

Applications filed by the State may be: (l) as-

signed or (2) released from priority in favor of junior

applications. Since 1959 this authority has been vested

in the California Water Commission by Section 10504 of the

Water Code, The commission is required to hold public

hearings on requests for assignments or releases from

priority of these applications as stated in Section 10504.1

of the Water Code. Any disposition of a state application

by the commission is subject to review by the court. In the

cases where state applications are involved, the California
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Water Commission Is required to approve the substance of

these applications prior to their submission to the State

Water Rights Board. After such approval by the commission,

the board may then take further action toward approval of

such applications by the issuance of a permit and subse-

quent license on these applications.

Requests for assignments or releases from

priority of portions or all of State Applications Nos. 5647,

5648, 5649, 13333, 13334, and 14858 presently pending

before the California Water Commission are as follows:

Agency ; Applications"

Calaveras County Water District 5647, 5648, 13333, and
13334

Woodbridge Irrigation District 5648

Tuolumne County Water District
No. 2 5648 and 5649

City of Oakdale 5648 and 5649

Pacific Gas and Electric Company 5649

County of Origin Law

Plans for taking large quantities of water from

one area to another have resulted in fear on the part of the

areas of surplus that there will not be adequate water

remaining for their future needs. The County of Origin Law
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was enacted In 1931 to afford protection to the counties

wherein the water originates. It applies only to state

applications filed under Section IO500. This law, now

Section IO505 of the Water Code provides as follows:

"10505. No priority under this part shall
be released nor assignment made of any applica-
tion that will, in the judgment of the commission,
deprive the county in which the water covered by
the application originates of any such water neces-
sary for the development of the county.

"

This protection has three principal limitations:

first, it is only effective as to applications filed by

the State pursuant to Section IO5OO of the Water Code;

second, it is dependent upon periodic relief by the Legis-

lature from the usual requirements of diligence which apply

to all other applications; and third, it applies only to

water originating within a county.

The releases from priority and assignments

executed since 1927 have usually contained a clause reserv-

ing either a specified amount of water for the county of

origin or a general reservation without attempting to

specify a definite quantity. Releases and assignments

granted recently have, in nearly all cases, contained a

general reservation of water for the future development of

the counties of origin.
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Existing Water Rights

Since the effective date of the Water Commission

Act on December 19, 1914, many applications to appropriate

waters of the Mokelumne, Calaveras, and Stanislaus Rivers

have been filed with the State Water Rights Board or Its

predecessor agencies. This report will not attempt to

list these applications nor will It present an accounting

of the existing water rights on these rivers. However, a

brief discussion of established rights, uses, or claims of

the major water users, from the Mokelumne, Calaveras, and

North Fork Stanislaus Rivers Basins will be set forth for

each basin.

Mokelumne River Basin

Major approprlators of water from the Mokelumne

River system above Woodbrldge Dam under permitted and

licensed water rights applications on record with the State

Water Rights Board are the Pacific Gas and Electric Company,

East Bay Mxinicipal Utility District, North San Joaquin

Water Conservation District, Woodbrldge Irrigation District,

Woodbrldge Water Users Conservation District, County of

Amador, and Jackson Valley Irrigation District. Pending

applications include those of Calaveras County Water District

proposing appropriations from the North, Middle, and South

Porks of the Mokelumne River.
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Calaveras River Basin

The Calaveras River Basin Is not highly developed

and therefore large amounts of water are not presently-

being appropriated under water right applications on file

with the State Water Rights Board, approprlatlve rights

Initiated prior to 1914, or riparian rights. However,

there are numerous applications on which permits or licenses

have been Issued within the Calaveras River Basin. The

bulk of these applications name relatively small appro-

priations, primarily for irrigation and domestic uses.

Applications which propose the appropriation

of the bulk of the water in the Calaveras River have not

yet been approved by the State Water Rights Board. These

include applications by the Calaveras County Water District,

Stockton and East San Joaquin Water Conservation District,

City of Stockton, and the United States of America. During

April 1963^ the board held hearings on these applications,

and the board's decision is expected during the late summer

of 1963.

Stanislaus River Basin

The approprlatlve rights to the use of water of

the Stanislaus River system initiated prior to December I9,

1914, the effective date of the Water Commission Act, were

determined by Decree No. 16873, entered on November 14, 1929^
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by the Superior Court of San Joaquin County In the

Stanislaus River Adjudication Proceeding. The decree was

subsequently modified by orders or supplemental decrees

entered on February 24, 1930, March 8, 1934, and May 8,

1935. As modified, the decree awarded water rights to the

extent of 2,558.8 second-feet direct flow diversion and

45*925 acre-feet per annum storage, to 42 users. Of the

amounts awarded, 2,525.3 second-feet, and the entire

45,925 acre-feet, were allocated to the Oakdale and South

San Joaquin Irrigation Districts and the Pacific Gas and

Electric Company or their predecessors in interest, which

include the Tuolumne and Utlca Ditch systems. The re-

maining 33.5 second-feet were allocated among 38 users.

Numerous appropriations from the Stanislaus River

stream system have been initiated since 1914 by applications

for permits and licenses under the provisions of the Water

Code. A preponderance of these appropriations are for

small amounts of water, while the bulk of the water appro-

priated or sought to be appropriated is confined to rela-

tively few applications by the Oakdale and South San Joaquin

Irrigation Districts and the Pacific Gas and Electric

Company. In general, the permitted and licensed appli-

cations are to supplement use under the rights determined

in the adjudication proceeding.

Additional applications have been filed with the

board since 194? as follows: Calaveras County Water District,
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12 applications; Tuolumne County Water District No. 2,

7 applications; and Oakdale and South San Joaquin Irrigation

Districts, 5 applications. Hearings were held by the

board during 1962, and Decision D-1114 was adopted on

March l4, 1963. All 12 of the applications made by the

Calaveras County Water District were approved, two of

those made by Tuolumne County Water District No. 2 were

approved, and the remaining applications were denied.

Pacific Gas and Electric Company . Existing water

rights of the company on the Stanislaus River can most

readily be explained in connection with its five separate

systems. These are: (l) the Utica Ditch system on the

North Fork, (2) the Phoenix system on the South Fork, (3)

the Spring Gap system on the Middle and South Forks,

(4) the Stanislaus Tunnel and Powerplant on the Middle Fork

and main stem of the Stanislaus, and (5) the Melones Power-

plant below Melones Dam on the main stem. The Utica Ditch

system is the only one of the five which is relevant to the

Calaveras Investigation.

The Utica Ditch system consists of Alpine, Utica,

and Union Reservoirs on the upper reaches of the North Fork,

Spicer Meadow Reservoir on Highland Creek, the Utica Ditch,

Utica (Murphys) Powerplant, and Angels Powerplant.

The Stanislaus River Decree sets forth rights to

88 second-feet direct flow of the North Fork and its
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tributaries for diversion through the Utlca Ditch, and

9,000 acre-feet per annum of storage in Alpine, Utica, and

Union Reservoirs. In addition. Pacific Gas and Electric

Company has a right to store water in Spicer Meadow

Reservoir which has a storage capacity of 4,062 acre-feet.

The Stanislaus River Decree provides that water stored in

the above-named reservoirs is to be used in equalizing the

flow of the North Fork at the intake of the Utica Ditch

to a flow of 88 second-feet; 55 second-feet of the 88

second-feet direct flow or equalized flow diverted through

the Utica Ditch are to be used for the generation of power

at the Utica (Murphys) Powerplant; and that said 55 second-

feet together with the remaining 33 second-feet diverted

through the Utica Ditch, making a total of 88 second-feet,

either before or after passing through Utica Powerplant,

are to be used for public service purposes, including

domestic, industrial, and irrigation uses. In addition,

the decree (Paragraphs 52 through 58) provides for rights

to 2.5 second-feet from Mill Creek, 56.7 second-feet from

Angels Creek, and 8.0 second-feet from Coyote Creek for

public service purposes.

Calaveras County Water District . Calaveras County

Water District has 11 applications approved, as amended by

Decision D-1114, for permits to appropriate water from the

North Pork Stanislaus River watershed for irrigation.
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municipal, industrial, domestic, stockwater, and power

purposes. The agency has one additional application for

water to be developed by storage on Black Creek, tributary

to the main stem near the town of Copperopolls, which was

also approved by Decision D-1114.

Summary

Conflicting water right applications were filed

by Tuolumne County Water District No. 2, Calaveras County

Water District, and Oakdale and South San Joaquin Irrigation

Districts for use of waters on the North Pork of the

Stanislaus River. Water right applications have been filed

by the State of California pursuant to Section IO500 of the

Water Code for water for future development on this stream.

Hearings were conducted by the State Water Rights Board and

Decision D-1114 was adopted, which approved all of the

applications of Calaveras County Water District, approved

two of the applications of Tuolumne County V/ater District

No. 2, and denied all other applications. It may also be

necessary at a later date for the California Water Conmission

to hold hearings on the state applications involved.

In order to determine the extent of availability

of unappropriated water on the Mokelumne River, it appears

that hearings will be required by the State Water Rights

Board on applications of the Calaveras County Water
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District. If developments were undertaken under State

Application 5648, it may be necessary for the California

Water Commission to conduct a hearing.

During April 1963, the State Water Rights Board

held hearings on the applications of the Calaveras County

Water District, Stockton and East San Joaquin Water Conser-

vation District, City of Stockton, and U. S. Bureau of

Reclamation to determine the availability of water in the

Calaveras River watershed. It is expected that the board

will render its decision on these applications in the late

summer of I963. The California Water Commission, on May 4,

1962, granted a release from priority of Application 5648

at the New Hogan Dam in favor of the applications of the

Calaveras County Water District for its upper Calaveras

River Development.
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CHAPTER V. PLANS FOR WATER DEVELOPMENT

The growth and enhancement of the economy of the

Calaveras area will require the development of adequate

water supplies at costs that future water users will be

able to pay. In the Tributary and Main Stream Units of

the area, there are curtailments of water use in critical

periods that result in restrictions to further economic

development. These restrictions affect the development of

potential urban lands, optimum returns from presently

irrigated lands, and the extent of development on irrigable

lands not now being served. New water supplies will also

be required for the further development of recreational

potential and increased hydroelectric power output.

Supplies for meeting current demands are obtained largely

by diversions of unregulated surface waters through ditch

systems of the Pacific Gas and Electric Company, the Calaveras

County Water District, and the Calaveras Public Utility

District.

In the Valley Unit of the area of investigation,

present water demands are met by overdrawing ground water

supplies, thereby causing progressive lowering of ground

water levels. This overdraft results in increased pumping

costs and the threat of degradation of mineral quality of

ground water.
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During the late winter and spring seasons, there

are surplus flows In the streams of the Calaveras area.

These flows. If properly controlled and distributed, would

meet future water requirements of the area of investigation.

The discussion of plans for water development is

presented in this chapter under the headings of "Planning

Considerations," "Water Conservation Possibilities,"

"Calaveras Project," "Local Development Plans," "Partial Plan

Proposed by the Calaveras County Water District," "Partial

Plan Proposed by the Stanislaus River Basin Group," "New

Melones Project," and "New Hogan Project."

Planning Considerations

Individual plans for developing the waters of the

streams of the Calaveras area were conceived as parts of

basinwide master plans. Under the basinwlde plans, water

would be developed for all beneficial purposes to obtain

maximum net benefits. Development of water to meet the

consumptive needs of the Calaveras area and planning for

hydroelectric power developments so that revenue could be

available to reduce the cost of project water supplies were

considered to be of prime Importance

.

Formulation and evaluation of the projects con-

sidered for the development of waters in the Calaveras area

required studies of reservoir operations, project site
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geology, designs and cost estimates, and economic analysis

of benefits and costs.

Reservoir Operation Studies

Reservoir operation studies to determine the water

yield that would be available for both nonconsumptlve and

consumptive water use were made for the 35-year period

1920-21 to 1954-55. Nonconsumptlve uses would Include the

production of hydroelectric energy, water-oriented recreation,

and fish and wildlife preservation and enhancement. Con-

sumptive uses would include irrigation and domestic uses.

The principal criteria used in these studies Included:

(1) power capacity factor of 30 percent, (2) provision of

minimum reservoir pools that would afford the adequate

protection to flshlife, (3) streamflow releases sufficient

to maintain a fishery even where a fishery does not now

exist, (4) the need of water to satisfy the estimated future

consumptive requirements of the Tributary and Main Stream

Units, and (5) flood control incidental to the operation of

the proposed reservoirs.

Geologic Investigations

The geologic exploration program for the Calaveras

Area Investigation included: (l) surface geologic mapping

of dam and reservoir sites, tunnel alignments, and conduit

routes, (2) preliminary foundation drilling of certain key
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dam sites, (3) collection of soil samples for testing to

determine their construction properties, and (4) determina-

tion of quantities of available construction materials. In

the geologic analysis of the individual sites, emphasis v;as

placed on the determination of rock types, degree of weather-

ing, patterns of jointing, nature and extent of shear zones,

and the engineering properties of foundation materials.

The program ranged from reconnaissance investigations of

surficial geologic features at some sites, to detailed sub-

surface explorations at other sites in accordance with the

size and significance of the proposed structures and the

geologic problems encountered.

Complete reports of the results of geologic

explorations of some of the damsites, conduit routes, and

tunnel alignments are available in the files of the Depart-

ment of Water Resources. These reports include drill hole

logs, test results, geologic maps and cross sections, maps

of locations of construction materials, and location of

alternative sites.

Designs and Cost Estimates of Project Features

Engineering designs and estimates of cost were

made of several sizes and types of dams for most of the sites

considered. Structures v;ere designed in accordance with

standard engineering practices, with the objective of
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obtaining the most economical combination of dam embank-

ment, spillway, and outlet works. Stability characteristics

of the earth embankments were based on laboratory tests of

sample materials. In general, design floods were routed

through the reservoirs, and spillways were sized to pass

peak outflows.

Surveys and Maps . Topographic maps of the damsites

considered and of the Splcer Meadow Reservoir area were

prepared during the course of the Investigation. The

reservoir site map was prepared on the scale of 1 inch equals

400 feet, with a contour interval of 20 feet. Maps of

damsites generally were prepared on the scale of 1 inch

equals 150 feet, with a contour interval of 5 feet. Other

maps used In the investigation were U.S. Geologic Survey

quadrangles at the scale ratios of 1:62,500 and 1:24,000.

Cost Estimates

Estimates of capital cost of each project Include

construction costs of the dam and appurtenances, acquisition

of land for damsites and reservoir areas, and relocation of

facilities. Capital costs were based on unit prices pre-

vailing in 1961. Allowance for 15 percent of the total cost

for engineering administration and 25 percent for contin-

gencies was made. Interest during construction was computed

at 4 percent per annum for one-half the construction period.

Annual costs Include amortization of the capital Investment
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at an Interest rate of 4 percent with a repayment period of

50 years, plus the annual costs of replacement, operation,

maintenance, and general expense.

Estimates of the cost of acquiring existing hydro-

electric power systems were based on the following procedure.
I

The actual construction costs of the systems plus the costs

of plant Improvement since construction were obtained from

the Board of Equalization. To this value was added the

additional cost that would be required to rehabilitate the

plant In order to make It equivalent to a new plcint. The

resulting value was reduced to annual costs. These annual

costs were then compared to the annual costs of a stecim plant.

If the annual costs of the hydroelectric plant were less than

the annual costs of a steam plant, the capitalized difference

plus a contingency allowance was added to the values obtained

from the Board of Equalization. Otherwise, the values ob-

tained from the Board of Equalization, plus a contingency

allowance, were used.

Economic Studies

The principal economic studies conducted to evalu-

ate the possibilities for developing the water resources of

the Calaveras area were: (1) determination of project bene-

fits that would accrue from the operation of potential projects,

and (2) project formulation and evaluation studies to deter-

mine the most favorable size and scope of potential
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projects. As previously stated, economic studies were

limited to those projects that would be required Initially.

Project Benefits . Benefits from the projects

considered herein would accrue primarily from Irrigation

£ind domestic water supplies, from production of hydro-

electric energy, from fish sind wildlife enhancement, and

from new recreational opportunities.

All of the foregoing project benefit categories

should be given full consideration In future, more detailed

feasibility studies of the project; however, the only classes

of benefits that were considered In this reconnaissance

Investigation were those attributable to hydroelectric

power and recreational use. In determining project benefits,

long-term projections were made of population growth and

distribution, economic potential, and recreation use. For

the purpose of making such projections, the following

general assumptions were made.

1. Population would continue to increase
to an estimated 420,000,000 in the United States,
56,000,000 in California, and 7^,000 within the
Calaveras area by the year 2020.

2. A relatively high level of employment
and consumer demand would prevail during the
period covered by the economic analysis.

3. Price-cost relationships would resemble
those of the period 1952-56, especially with
respect to agricultural production and returns.

4. Use of the proposed recreational areas
£ind facilities would be substantially as projected
herein.
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Hydroelectric Energy Benefits . Hydroelectric

benefits were represented by the cost of producing power

by a private steam-electric plant. Northern and Central

California were selected as the power market area. The

anticipated magnitudes and characteristics of future

power demand in this area were related to the estimated

resources available to meet this demand. The area load

and projection were analyzed to determine the proper rela-

tionship between dependable generating capacity and the

average annual energy generated for the powerplants to be

added by the projects considered herein. Power revenues

were estimated after these magnitudes were determined.

It was concluded from detailed studies that

future power requirements in Northern and Central California,

based on anticipated population growth and annual energy

use per capita, would provide a ready market for hydro-

electric energy generated by the projects considered herein.

Based on the cost of producing equivalent power

in a modern steam-electric plant, the value of hydroelectric

power for the projects considered herein was estimated as

$24.50 per kilowatt per year of dependable capacity plus

3.1 mils per kilowatt hour of energy used.

Recreation and Fish and Wildlife Benefits . The

recreational benefits that would accrue as a result of

water project developments were measured by comparing the
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estimated future water-oriented recreational activity In

the area with and without the project. Factors considered

in determining these benefits included trends in population

growth and distribution, location of areas from which

visitors would travel, existing recreation activities and

facilities in the area, possible development of new types

of outdoor recreation, and relative attractiveness of the

area with competing areas.

Results of the studies of Increased recreational

use were expressed as visitor-days or angler-days of use

per year. There would be continued increase of recreation

use during the economic life of the project as the popu-

lation of the State Increases.

In project formulation studies, provisions were

made for minimum reservoir pools, streamflow releases for

the preservation and enhancement of fish and wildlife, and

for lakeside and water-borne recreational opportunities.

These provisions would Increase the likelihood that recrea-

tional benefits would accrue. The estimated recreational

benefits were utilized to make comparisons of alternative

proposals and for benefit-cost analyses.

The recreational potential of streams affected by

the various projects considered was evaluated by the

Department of Pish and Game in terms of present and future

angler-days of use. Present use was determined by sampling
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surveys. Interviews, and by counts of angling Intensity

and distribution. Future use of streams was projected on

the basis of an estimated saturation In the year 2050.

This projection allowed reasonable time for growth of facili-

ties, for improvements in transportation and access, and for

an Increase In the amount of leisure time. Separate fore-

casts were made for conditions with and without each proj-

ect, the difference in the forecasts representing the

angler-days of use creditable to the potential project.

Although it is anticipated that both public and

private recreational facilities would be located near the

proposed reservoirs, the justification for public invest-

ment was restricted to those benefits derived from public

facilities. The basic recreational facilities Including

access roads, provisions for sanitation control, drinking

water, and public camping areas, would be provided by

public funds. In order to insure development which would

provide for wide public usage, all potential recreational

lands adjacent to the reservoir sites would be obtained by

land purchase or, if the land is in federal ownership, by

use permit.

Economic Justification . A project may be con-

sidered to be economically justified when the present worth

of the primary benefits that accrue therefrom are in excess

of the present worth of the costs Incurred in its design.
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construction, operation and maintenance, and replacement.

Comparison of benefits and cost in a project commonly is

referred to as a benefit-cost ratio, and is utilized as a

measure of the economic Justification of the project. This

ratio should not be the only criterion upon which feasibility

is determined as it does not adequately reflect other

intangible benefits or detriments that may be substantial.

Primary benefits are economic activities which

arise from or are increased as a direct result of the build-

ing of a project. These benefits are expressible in dollars.

Secondary benefits flow from or are increased by virtue of

the existence of the primary benefits. While secondary

benefits may be expressible in dollar values, the measure-

ment of such values is often exceedingly difficult.

Costs used in the sizing studies included project

capital costs, operation, maintenance, replacement, and in

the case of hydroelectric plants, the taxes foregone.

Water Conservation Possibilities

Several possible means of obtaining additional

water for use in the Calaveras area were considered during

this investigation. Principal among these possibilities

were: (1) direct diversion of streamflow, (2) increased

ground water development, (3) increased use of water from

existing conservation and distribution systems, and

(4) further development of the unregulated surface waters

of the Calaveras area.
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Significant amounts of water in the Calaveras

area are lost in transportation through existing distribution

systems. These losses are attributable to both construc-

tion and operation of the systems. Gunnlte lining of

existing ditch systems would go far toward Improving the

effective yield of the available water supply in tne Calaveras

area.

Direct Diversion of Unregulated Streamflow

The possibilities for obtaining additional water

from the Mokelumne, Calaveras, and Stanislaus River Basins

for use within the area of Investigation by direct diversions

of unregulated streamflow are extremely limited. This is

true because of the intermittent character of the small

streams in the basins and because of wide fluctuations in

monthly and annual runoff. The entire flow of these streams

during periods of low runoff is utilized under existing

water rights. A portion of this use takes place in Calaveras

and Tuolumne Counties, but by far the greatest use takes place

in irrigation districts located on the floor of the San

Joaquin Valley. Therefore, because of the significance of

existing water rights, direct diversion from streams was not

considered as a means of developing new water supplies.
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Increased Ground Water Development

The possibility of developing additional water

supplies for use within the area of investigation by fur-

ther ground water development was considered in the early

stages of this Investigation. However, study of existing

ground water development in the higher elevations of the

area revealed no ground water basins of significant size

and storage capacity. Present ground water supplies are

mostly obtained from wells located in shallow deposits

of alluvium of limited extent. These wells are low yield-

ing and generally supply only sufficient water for domestic

and stock-watering purposes. On the other hand, the San

Joaquin Valley portion of the area of Investigation is

linderlain by a ground water basin of considerable impor-

tance. However, the extensive development of this ground

water basin has resulted in progressive lowering of ground

water levels.

After considering these factors the possibility

of developing significant amounts of additional ground

water supplies, as either an alternative or as a supplement

to potential surface reservoirs, was deemed impractical.

Future Development of the Unregulated Waters of the Calaveras

Area

Studies of the possibilities of developing, in

storage reservoirs, unregulated waters of the Calaveras area
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led to the conclusion that this was the most practical

solution for providing substantial quantities of new water

for use in the Tributary and Main Stream Units. Existing

facilities in these units consist of the Utica Ditch System,

distribution works of the Calaveras Public Utility District

and the Calaveras County Water District, and small local

developments of individual users and agencies. Due to

present impairments and the wide variation in monthly and

annual flows within the area, increased storage capacity

would be required in order to further develop the remaining

unregulated waters.

Potential projects for developing the waters of

the Mokelumne, Calaveras, and Stanislaus River Basins

were discussed in Bulletin No. 56, "Survey of Mountainous

Areas," and in Bulletin No. 3, "The California Water Plan."

The projects described in these bulletins were considered

in formulating plans for projects discussed herein.

As shown on Plate 7, it is contemplated that the

future requirements of the major units of the area of

investigation as shown in Chapter III would be satisfied

in the following manner:

1. Tributary Unit . Small water conservation

projects would be constructed in upper Calaveras

County to provide water for local consumptive
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requirements. To supplement this source of

supply, a project on the North Fork Stanislaus

River would develop water for Importation Into

upper Calaveras County for either direct diver-

sion to areas of need or for reregulatlon In

the small local projects.

2. Main Stream Unit . Lands within this

unit would be served from the yield of New

Melones Reservoir and New Hogan Reservoir

supplemented by pumping from the Polsom South

Canal.

3. Valley Unit . Irrigated and irrigable

lands on the valley floor would continue to be

served from ground vjater supplies supplemented

by direct diversion from the Folsom South Canal.

The overall plan of development is shown in schematic form

on Figure 1, "Schematic Flow Diagram of Water Supply Develop-

ment, Calaveras Area."

Calaveras Project

The Calaveras Project, shown on Plate 8 and schema-

tically in Figure 1, would develop a firm water supply of

about 106,000 acre-feet annually. Provisions would be

made for diverting approximately 16,000 acre-feet of this
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water at various points for irrigation and domestic use

within Calveras Coiinty. The remaining 90,000 acre-feet

of firm supply would be returned to the Stanislaus River

for reregulation in the proposed New Melones Reservoir.

It was estimated that the three powerplants would have a

combined dependable capacity of 109,300 kilowatts and

would produce an average annual amount of 350 million

kilowatt-hours of energy.

New recreational opportunities would be reali-

zed by the project through the development of camp sites,

boating facilities, and summer homes. Certain fisheries

would be enhanced due to firming of the regimen of stream-

flow in Highland Creek and North Pork Stanislaus River.

The Calaveras Project would Include the diver-

sion of water by tunnel from Union Reservoir on North Fork

Stanislaus River to an enlarged Spicer Meadow Reservoir on

Highland Creek. Water would be released from the enlarged

Spicer Meadow Reservoir on demand and would flow down

Highland Creek to its confluence with the North Fork

Stanislaus River. At a point about 3 miles downstream

from this juncture, at an approximate elevation of 5,280

feet, a low concrete diversion structure would divert

water through a tunnel and conduit to the White Pines

Forebay located on the headwaters of Little Mokelumne River

at the Menzies Girl Scout camp. From this forebay, water
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would be conveyed by conduit and penstock through the

White Pines Powerplant to White Pines Afterbay on San

Antonio Creek at an approximate streambed elevation of

3,940 feet. Water would be reregulated in this reservoir

and then conveyed by conduit to Avery Forebay, located

1 mile northwest of the town of Avery at an approximate

elevation of 3>850 feet. Prom this point, water would

be discharged through Avery Powerplant into Avery Afterbay

located directly west of the town of Avery, at an eleva-

tion of approximately 3^350 feet. From Avery Afterbay,

water would be conveyed by conduit to Clark Flat Forebay,

located on a ridge 1 mile northwest of the confluence of

the Middle and North Forks Stanislaus River at an eleva-

tion of about 3,290 feet. From this forebay, water would

be released into a penstock and discharged through Clark

Flat Powerplant, located on the Stanislaus River at an

elevation of approximately 1,140 feet, about 0.5 mile down-

stream from the confluence of the North and Middle Forks

Stanislaus River.

Project Features

The Calaveras Project would consist of five

major features, each of which is discussed below.

Spicer Meadow Unit . The Spicer Meadow Unit would

consist of the Union-Spicer Tunnel and an enlarged Spicer
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Meadow Reservoir formed by construction of an earth and

rockflll dam Immediately downstream from the existing

Splcer Meadow Dam.

The Unlon-Splcer Tunnel would be 0.7 mile In

length and would extend from Union Reservoir to Hobart

Creek, a tributary discharging into Splcer Meadow Reservoir.

The tunnel Is planned as a horseshoe cross section, 7.5

feet In diameter, and would be unllned except at the

portals and zones of weakness. The tunnel invert at the

inlet portal would be set at an elevation of 6,840 feet

and would slope toward Hobart Creek on a gradient of .009.

During high runoff periods, the entire Inflow to

Union Reservoir, up to the maximum capacity of the tunnel

(300 second-feet), would be diverted to Splcer Meadow

Reservoir. The maximum discharge capacity of the tunnel

would be 300 second-feet and the flow would be entirely

uncontrolled except for a trash rack and fish screen at the

intake portal.

Storage in Union Reservoir at the tunnel Invert

elevation would be 1,000 acre-feet. This storage would

be maintained throughout the recreation season. Streamflow

maintenance releases into the North Pork Stanislaus River

would be provided by operation of Utlca Reservoir located

Immediately below Union Reservoir.
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Splcer Meadow Dam (Plate 9) would be constructed

immediately downstream from the existing structure at a

streambed elevation of about 6,370 feet. Topographic

maps of the damsite, at a scale of 100 feet to the inch

with a contour interval of 10 feet, and of the reservoir

area, at a scale of 400 feet to the inch with a contour

interval of 20 feet, were prepared by the department in

i960. Areas and capacities of Spicer Meadow Reservoir

are presented in Table 24.

TABLE 24

WATER DEPTHS, AREAS, AND CAPACITIES
OF ENLARGED SPICER MEADOW RESERVOIR



Geologic Investigation of Splcer Meadow Dam

and Reservoir site consisted of detailed geologic mapping,

foundation drilllngj and a borrow exploration program for

possible construction materials. Results of the geologic

investigations indicate that the site is suitable for a

dam of the height contemplated in this investigation.

As the result of a materials exploration

program conducted during this investigation, an adequate

supply of impervious borrow material was located within

1.5 miles of the site. Quarry sites suitable for rockfill

or riprap are available on both dam abutments and else-

where in the immediate vicinity of the proposed dam.

Due to the availability of both pervious and

impervious construction materials, a combination earth-

and rockfill structure was selected for this site.

Preliminary sizing studies indicate that Splcer

Meadow Reservoir should have a storage capacity of about

130,000 acre-feet. A dam having a height of 208 feet from

streambed to spillway lip would be required to provide

this storage. It would have a crest length of 1,950 feet

and a crest width of 30 feet.

Splcer Meadow Reservoir would be operated to

provide a firm yield on a power schedule of 106,000 acre-

feet annually, and a fish release of 40 second-feet or the
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natural flow at the point of diversion on North Fork

Stanislaus River. Of this amount, 16,000 acre-feet of

water would be diverted annually for Irrigation and domes-

tic use In portions of upper Calaveras County. A constant

release of at least 5 second-feet, for fishery maintenance,

would be provided from Splcer Meadow Reservoir.

A monthly operation study of Splcer Meadow

Reservoir, for the critically dry period 1927-28

through 193^-35^ is Included on a seasonal basis in Table 28.

Ganns Diversion Unit . The Ganns Diversion Unit

would consist of a low concrete dam on North Fork Stanislaus

River and 13.5 miles of tunnel and conduit necessary to

convey water to White Pines Forebay.

Ganns Diversion Dam would be a concrete arch

structure about 25 feet in height located in the NE 1/4,

of the N¥ 1/4, of Section 8, T6N, R17E, MDB&M at an approxi-

mate streambed elevation of 5>280 feet. Topography of

the damsite and reservoir area was taken from the U. S.

Geological Survey river survey map of the Stanislaus River

at a scale of 1 inch equals 2,000 feet with a contour

Interval of 20 feet.

No detailed geologic studies have been made at

this site. However, limited geologic reconnaissance

studies including study of the regional geology presented

In Plate 5, indicate that the Ganns Diversion site would

be suitable for construction of a low masonry structure.
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Generally, the North Fork Stanislaus River is a deeply-

incised canyon with walls of blocky and massive granitic

rock which have been exposed by glaciation. The channel

section of this stream is generally very narrow and contains

large boulders and talus blocks.

Ganns Diversion Dam would serve as a forebay

for Ganns Tunnel and conduit. In addition, the dam will

contain outlet works sufficient for a constant release

of up to 40 second-feet for fishery maintenance purposes.

As shown on Table 28, the firm seasonal diversion would be

106,000 acre-feet and a summary of a critical seven-year

period indicates that a seasonal average diversion of 128,000

acre-feet may be expected.

Water from Ganns Diversion Reservoir would dis-

charge into the Ganns conduit. The first portion of this

conduit would be an unllned tunnel with a diameter of 10

feet and 5.2 miles in length. The intake portal would be

at an elevation of about 5,285 feet. The tunnel would

extend in a generally southwesterly direction, roughly

paralleling the course of North Pork Stanislaus River, and

would discharge into a lined canal in the SE 1/4 of Section 28,

T6N, R16E, MDB&M, at an approximate elevation of 5,200 feet.

The capacity of Ganns conduit would be 40 second-feet.
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White Pines Unit . The White Pines Unit would

consist of White Pines Forebay, White Pines Powerplant, White

Pines Afterbay, and Avery Conduit.

White Pines Forebay would be located on the

headwaters of Little Mokelumne River at an elevation of

approximately 5,1^0 feet. The forebay would be formed by

an earthflll dam 50 feet in height with a crest length of

1,100 feet. Storage capacity would be about 250 acre-feet.

Outlet works would consist of a pipe fitted with remote

control valves sufficiently large to pass about 550 second-

feet of water through the dam. The outlet works would

Include a branch stub connection to provide for a future

diversion to the Railroad Flats Reservoir.

From White Pines Forebay, a canal having a

capacity of 510 second-feet, would extend a distance of

6,500 feet to the White Pines Penstock for water discharged

through White Pines Powerplant into White Pines Afterbay.

White Pines Powerplant, which would have an

installed capacity of 38,000 kilowatts, would be located

on San Antonio Creek at an elevation of about 4,010 feet,

and would operate under a static head of 1,120 feet. The

penstock, with an inlet elevation of 5,130 feet, would be

Bl inches in diameter, and 5,500 feet in length.

White Pines Afterbay would be formed by construc-

tion of a dam on San Antonio Creek at streambed elevation

of 3,940 feet. Areas and capacities of White Pines Afterbay

are presented in Table 25. Based on detailed geologic
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studies, the White Pines Afterbay site Is considered

adequate for an earthflll dam of the size under considera-

tion in this report.

TABLE 25

AREAS AND CAPACITIES
OF WHITE PINES AFTERBAY

Waiter surface : Area, : Storage capacity,
elevation, in feet : in acres : in acre-feet

3,940

3,960 4 40

3,980 20 260

4, 000 38 840

4,020 54 1,770

As a result of geologic studies and design criteria,

an earth dam with an impervious core was selected for the

White Pines site. The dam would have a height of 70 feet

from streambed to spillway lip and a crest elevation of

4,010 feet. The crest length would be 530 feet with a

width of 30 feet. The volume of fill required would be

about 273,000 cubic yards. Sufficient material for the

fill is located adjacent to the damslte.

The outlet works would consist of a concrete pipe

with a maximum capacity of about 540 second-feet through

the dam. The outlet works would be designed to make a
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:ontrolled release of 80 second-feet directly into San

Antonio Creek below the dam, with the remaining 460 second-

feet discharging into the Avery Conduit.

The reservoir area consists mostly of privately

Dwned lands, although a small portion is U. S. Forest

Service land. There are no improvements or utilities within

bhe reservoir area.

The Avery Conduit would convey a maximum of

^60 second-feet of water from White Pines Afterbay to Avery

Forebay, a distance of 6.9 miles. The conduit would Include

1,000 feet of 6.5-foot diameter, lined tunnel; 1,120 feet

Df 6.75-foot diameter steel pipe siphon; 2,450 feet of

3.25-foot diameter steel pipe siphon; and 31*330 feet of

lined tapezoldal canal. The conduit would terminate at an

elevation of about 3,895 feet.

A topographic map of the Avery Conduit route, at

a scale of 1 inch equals 300 feet and with a contour inter-

val of 10 feet was compiled in 1959 by the department, using

photogrammetric methods,

Avery Unit . The Avery Unit would consist of

Avery Forebay, Avery Powerplant, Avery Afterbay, and Clark

Flat Conduit.

Avery Forebay would be located in a small saddle

about 1 mile northwest of the town of Avery, at an approximate

-157-



elevation of 3,870 feet. The area was mapped by photo-

grammetrlc methods at a scale of 1 Inch equals 300 feet,

with contour interval of 10 feet. In 19.57 the department

produced a planetable map of the area at a scale of 1 inch

equals 100 feet, with a contour interval of 5 feet.

A geologic mapping and materials investigation

of the site was made in 1958. Thirteen auger holes were

drilled to a total depth of 323 feet. The geologic inves-

tigation indicated that the site would be suitable for the

type of dam contemplated.

The reservoir would be formed by 2 dikes, one

of which would be about 15 feet high with a crest length

of about 1,400 feet, and the second of which would be

about 25 feet in height with a crest length of approximately

2,200 feet. Crest elevation of both dikes would be 3,885

feet. The forebay capacity would be 90 acre-feet.

From Avery Forebay, a lined canal 4,500 feet

in length, with a capacity of 460 second-feet, would

convey water to the Avery Penstock. The penstock would

discharge water through Avery Powerplant, at an approximate

elevation of 3,385 feet, into Avery Afterbay. Avery Power-

plant would have an installed capacity of 15,100 kilowatts.

Avery Afterbay would be located in the NE 1/4, of

Section 13, T4N, R14E, MDB&M, on San Domingo Creek at a

streambed elevation of 3,355 feet. A topographic map of the
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5lte was prepared by planetable methods in I957 at a

scale of 1 inch equals 200 feet with a contour interval

)f 5 feet.

The outlet works would consist of concrete

)ipe through the dam sufficiently large to release about

^00 second-feet. The releases would be made directly

Lnto Clark Flat Conduit with provision for further releases

Lnto San Domingo Creek.

Clark Flat Conduit would deliver v;ater from

Wery Afterbay to Clark Flat Forebay through 17,850 feet

)f conduit including 3,100 feet of flume, 11,600 feet of

Lined canal, 2,900 feet of siphon, and 250 feet of pipe

julvert. The conduit would have a capacity of 36O second-

"eet. It would terminate above Clark Flat Forebay at an

jlevation of 3,31^ feet.

Clark Flat Unit . The Clark Flat Unit would

consist of Clark Flat Forebay, Clark Flat Penstock and

Jlark Flat Powerplant.

Clark Flat Forebay would be located in the

TE 1/4, NE 1/4, Section 36, T4N, R14E, MDB&M at an approxi-

nate elevation of 3,300 feet. The reservoir would be

formed by excavation and construction of a U-shaped dike.

Phe dike would impound 40 acre-feet of water with a maximum

surface area of about 4 acres.

-159-



Releases would be made directly from the forebay

into Clark Flat Penstock at an intake elevation of approxi-

mately 3,300 feet. Water would be conveyed through Clark

Flat Powerplant to discharge directly into the Stanislaus

River.

The powerplant would be located in the SV; 1/4,

SW 1/4, Section 31, T4N, R15E, MDB&M at an approximate

elevation of l,l40 feet. The gross head on the powerplant

would be 2,l60 feet with a head loss of approximately 50 feet

The installed capacity of the powerplant would be 56,200

kilowatts.

Estimated capital and annual costs of the

Calaveras Project are presented in Table 26.

General features of the Calaveras Project are

summarized in Table 27, and a seasonal summary of a monthly

operation study of the project for the critically dry period

1927-28 through 1934-35 is presented in Table 28.

Purchase of the Utica System . The Utlca System

is described in detail in Chapter III as a present vjater

supply development of the North Fork of the Stanislaus River.

The system is owned by the Pacific Gas and Electric Company

and consists of three reservoirs, two powerplants and a

diversion ditch. The total installed power generation

capacity of the two plants is 5,000 kilowatts. Although a
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maximum of 88 second-feet are diverted from the river

through the Utica Ditch^ the company is limited in their

firm water right to 55 second-feet at the Murphys Powerplant.

Subject to this rights all of the 88 second-feet may be

distributed and applied in the Calaveras area.

A definitive plan for the utilization of the

Utica System is beyond the scope of this reconnaissance

investigation. In all probability, however, any plans for

water supply development in this part of the investigative

area would incorporate this system to be operated with

other contemplated project facilities as an integral unit.

Further study may show that some of the existing power

generation water requirements of this system are compatible

with other project water requirements, in which case the

full purchase of this system would not be required. However,

for purposes of this report, it has been assumed that it

would be necessary to purchase the Utica System in order

to insure the required flexibility of operations for the

Calaveras Project.

Project Accomplishments

The objective of the Calaveras Project would be

to make water from the North Pork Stanislaus River available

to Calaveras County for beneficial use at a reasonable cost.
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By providing a conduit system along the ridge immediately

north of the North Fork of the Stanislaus River, it would

be possible to release water to several interior areas of

the county for direct local use or for reregulation by

means of a system of "local development" projects. These

projects would be constructed only at such times and loca-

tions as would be economically and financially feasible.

In determining the economic Justification of the Calaveras

Project, previously shown in Table 26, the benefits that

f^ould accrue from the use of water for agricultural, munici-

pal, or industrial purposes were not included. However,

inder the concepts applied in this reconnaissance investiga-

tion, water could be made available from the Calaveras

Project on the ridge at no cost to the water user.

The Calaveras Project would provide for an

Initial firm yield of l6,000 acre-feet to Calaveras County,

is shown in Figure 1. Furthermore, as shown in the seasonal

operations study presented in Table 28, an average annual

total yield of 38,000 acre-feet, including diversions of

confirm water, would be available for conveyance to Railroad

Flat Reservoir, Swiss Ranch Reservoir, and the Murphy-Angels

Service Area. Preliminary operation studies of these

reservoirs indicate that, by reregulating this water.
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provision could be made to supply all predicted water

requirements of the service areas dependent upon this

system.

Primary Benefits . For purposes of the analyses

presented herein, the primary benefits accruing to the

project are attributable to hydroelectric power generation

and to recreational activities.

The benefits which would accrue to the genera-

tion of hydroelectric power were developed from operational

studies which are summarized in Table 28, "Seasonal Study

of Monthly Operation Study of Calaveras Project." The

analysis was based on planned diversions for local use

from two reaches of the project at points upstream and

downstream of Avery Powerplant. A possible future diver-

sion could be made upstream of White Pines Porebay but was

not considered in the operation study presented herein.

The estimates of power produced by the project

are considered to be conservative because the study was

based on the available water supply depleted by diversions

for urban and agricultural use as predicted by the year 2020,

In other words, the water that would be available for

power production would be in excess of that shown in the

operation study and would progressively reduce to the

figures shown in the study during the 50-year period.
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The optimum sizes of powerplants were determined

from the firm yield of water that would be available at

sach site. The generation capacity which corresponds to

bhls firm yield Is the dependable capacity. Table 28

3hows that the average annual power production over the

critical seven-year study period would be 350,428,000 K\VH.

3ased on the estimated cost of power production by an

alternative thermal powerplant, the power benefits which

lyould apply to the Calaveras Project have been estimated

bo be $24.50 per kilowatt of dependable capacity per year,

plus 3.1 mils per kilowatt-hour of energy produced. The

dependable energy component would thus be 109,300 KW at

^24.50, or $2,677,800. The energy component would be

350,428,000 KWH at 3.1 mils, or $1,117,800. The total

annual pov)er benefit which would accrue to the project

rtould be $3,795,600, and the corresponding present worth

Df the power benefit would be $81,537,100.

Recreation Benefits . Recreation benefits have

oeen estimated for three reservoirs which appear to have

definite recreational potential. The estimated recreational

ase of these facilities was evaluated by decades In order

properly to consider the effect of population growth and

concomitant recreational requirements. The value of a

visitor-day of use in the Calaveras area was determined to be

.167-



about $2.23. This figure, which was developed by the

Trice-Wood method, has been reduced to $2.20 for use In

this report. Table 29 shows the total present worth of

recreational benefits would be about $7,624,200.

Project Costs . The estimated costs of the

Calaveras Project are discussed in terms of the average

equivalent, taxes foregone and present worth, and they

are summarized in Table 26.

TABLE 29

RECREATION BENEFITS,
CALAVERAS AREA



The average equivalent Is a theoretical figure

used to establish for comparative purposes a uniform

annual cost or benefit throughout the 50-year repayment

period. The average annual equivalent cost of the Calaveras

Project equals the annual cost of operation and maintenance

added to the product of the capital cost and a capital recovery

factor of 0.04655. This particular capital recovery factor

represents the uniform annual end-of-year payment necessary

to repay the debt In 50 years with interest at 4 percent.

Taxes foregone are the yearly taxes lost when

a public rather than a private agency develops power. It

is the established policy of the Department of V/ater Resources

to show these taxes foregone as a cost item in considering

the economic justification of a project. The value of this

cost item is equivalent to the taxes that would be paid by an

equivalent project if it were developed by a private

power company.

From the viewpoint of the agency making the

investment, the present worth of a future expenditure or

series of expenditures is the present money value necessary

to secure the return of that future expenditure with Interest

at a given rate of interest— 4 percent in this case. The

present worth of operation and maintenance costs of the

Calaveras Project is the product of the average annual cost

and 21.82 (the present worth factor).
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Benefit-Cost Ratio . The benefit-cost ratio of

the Calaveras Project Is estimated to be 1.12:1 The

Calaveras Project is thus justified from an economic stand-

point. Table 25 shows the benefit-cost ratio as well as

a summary of the benefits and costs.

Revenues . It is assumed that the agency which

would operate the Calaveras Project would be a public

entity, and therefore exempt from taxes. Excluding the

item of taxes foregone the present worth of actual costs

of the project would be $60j 801,900. A portion of this

capital cost would be allocated to recreation and therefore

nonreimbursable. The present worth of power benefits,

which are equivalent in this case to revenue, would be

$76,652,100. Thus the present worth of surplus revenue

exceeds the present worth of annual project costs by the

difference between the revenue from hydroelectric power and

the amount of capital cost allocated to hydroelectric power.

This represents on an annual basis a surplus in excess of

$737j800, the amount that potentially would be available to

finance the expansion of local projects in Calaveras County

which might require such an impetus for economic growth.

Because of the reconnaissance nature of this investigation,

cost allocation studies were not made. Any feasibility

studies to be conducted in the future should provide a more
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detailed analysis of costs and benefits in accordance

v;ith accepted procedures.

Local Development Plans

In order to meet the year 2020 water require-

ments of the various service areas within the Tributary and

Main Stream Units of the Calaveras area, reconnaissance

studies were made of possible dam and reservoir sites

that could be developed to supply water for local use.

Sites studied during previous investigations were reviewed

and evaluated with respect to their possibilities for

serving local areas.

The formulation of plans for the development of

water resources is normally achieved by evolving estimates

of costs and benefits that would accrue for a range of

project sizes in order to arrive at a project that would

provide a maximum of net benefits. During this process,

an estimate of future water requirements must be derived by

considering the classification of lands and the capacity

of these lands to repay the costs of water supplies. These

considerations establish a limit on the amount of land

which could be irrigated and thus determine the water require-

ment for irrigation purposes. A similar approach is used

to establish the water requirement for other purposes.
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Based upon these water requirements, a trial

project is planned to fulfill these demands, and the unit

cost of water as delivered to the user by this system is

estimated. The cost of the water must be within the re-

payment capacity of the users.

During the course of this investigation, recon-

naissance plans of several individual projects were considered

to satisfy a single set of water requirements which was based

on an estimated repayment capacity by the v;ater users of

$5-10 per acre foot, as shown in Table 23. The reconnais-

sance plans of projects discussed in this section are believed

to be the most promising of these studies. However, future

formulation studies, including better information for proj-

ect economic justification and financial feasibility analy-

ses, may substantially modify these plans.

West Point Project

The West Point Project, shown schematically in

Figure 1, would consist of three reservoirs in or adjacent

to the West Point Service Area. This project contemplates

the enlargement of the existing Schaad Reservoir on Middle

Pork Mokelumne River and the construction of Campground

and Hunter Creek Reservoirs on Hunter Creek. The project

would serve the year 2020 needs of the West Point Service

Area which are estimated to be about 7^200 acre-feet.
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Enlarged Schaad Reservoir . The existing Schaad

leservolr on Middle Fork Mokelumne River Is located in the

5W 1/4, S9, T6N, R14E, MD3&M at a streambed elevation of

>,840 feet. This reservoir is owned and operated by the

;alaveras Public Utility District for local use within the

/ilseyville area and for export to the South Fork Mokelumne

liver for subsequent use in Mokelumne Hill and San Andreas.

Schaad Reservoir would be enlarged from its

)resent capacity of 1,700 acre-feet to a capacity of 4,200

icre-feet with a corresponding firm yield of 5,000 acre-

'eet per year. A topographic map of the damslte at a

icale of 1 inch equals 100 feet, with a contour Interval

)f 5 feet was prepared in 196I. The reservoir area was

ilso mapped in I96I, at a scale of 1 inch equals 3OO feet,

;lth a contour interval of 10 feet. These maps were pre-

lared by the Department of V/ater Resources using photo-

;rammetrlc methods. Storage capacities and corresponding

'irm yields at various stages of elevation are given in

'able 30.

Based on surficial geologic studies, the Schaad

lamsite is considered suitable for a zoned earthfill dam of

;he size under consideration.

The result of geologic investigation, a zoned

larthfill dam 135 feet in height from streambed to spillway
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lip and with a crest elevation of 2,988 feet, was selected

for the Schaad site. Removal of the existing dam, which

is about 95 feet in height, would be necessary. Sufficient

material for the pervious and impervious sections is

available in the immediate vicinity. The volume of fill

required would be about 900,000 cubic yards.

TABLE 30

AREAS AND CAPACITIES OF ENLARGED SCHAAD RESERVOIR

Water surface :



reservoir area was mapped at a scale of 1 inch equals

300 feet with a contour Interval of 10 feet. These maps

were prepared by the Department of Water Resources using

photogrammetric methods. Storage capacities of the pro-

posed Campground Reservoir at various stages of water sur-

face elevation are presented in Table 31.

TABLE 31

AREAS AND CAPACITIES OF CAMPGROUND RESERVOIR

Water surface :

elevation, :

in feet :



As a result of yield studies, geologic Investi-

gation, and design criteria, an earthflll dam 110 feet In

height, with a crest elevation of 4,6lO feet, and a crest

length of about 1,000 feet was chosen for this site. The

volume of fill would be about 410,000 cubic yards. Suf-

ficient material would be available In the Immediate

vicinity of the site.

The outlet works would consist of a 30-lnch dia-

meter welded steel pipe encased In concrete along the right

abutment. The outlet works would discharge water directly

Into a conduit for transportation to Hunter Creek, with

provisions for releases directly Into Forest Creek.

Forest Creek to Hunter Creek Conduit . This con-

duit would convey water from Campground Reservoir to

Hunter Creek Reservoir, and would be approximately 5.6 miles

in length with a capacity of 15 second-feet.

Hunter Creek Reservoir . Hunter Creek Dam would

be located on Hunter Creek in the NW 1/4, S26, T7N, Rl4E,

MDB&M at a streambed elevation of 4,195 feet. A topographic !

map of the damsite was prepared at a scale of 1 inch equals

150 feet with a contour interval of 5 feet and the reservoir

area was mapped at a scale of 1 inch equals 300 feet with a

contour interval of 10 feet. These maps were produced in

i960 by the Department of Water Resources, using photogrammetric
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lethods. Storage capacities of the proposed Hunter Creek

leservolr at various water surface elevations are presented

.n Table 32.

TABLE 32

AREAS AND CAPACITIES OF HUNTER CREEK RESERVOIR

Water surface :

elevation, :

In feet :



would be about 420,000 cubic yards. Sufficient construction

material is available in the immediate vicinity.

The outlet works would consist of a 30-inch

diameter welded steel pipe encased in concrete along the

left abutment and would discharge into the Hunter Creek

to Bear Creek conduit with provision for direct releases

to Hunter Creek.

Hunter-Bear Creek Conduit . This conduit would

be lined trapezoidol canal about 3.5 miles in length with

a capacity of 15 second-feet. The conduit would convey

the combined yield of Campground and Hunter Creek Reservoirs.

to Bear Creek for subsequent conveyance through an existing

distribution system in the West Point Service Area.

Estimated capital and annual costs of the various

features of the West Point Project are presented in

Table 33.

Railroad Flat Project

The Railroad Flat project, shown schematically in

Figure 1, would consist of Railroad Flat Reservoir on South

Fork Mokelumne River and would contemplate use of the exist-

ing Mokelumne Ditch and the construction of additional

distribution ditches in the Mokelumne Hill and Paloma areas.

The southwest portion of the Railroad Flat Service Area

would be the principal area served with water from Railroad

Flat Reservoir. It was not deemed financially feasible to
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attempt to develop water for the northeast portion of

this service area at this time for reasons presented in

the discussion of McCarty Reservoir. The year 2020 re-

quirements of the southwest portion of Railroad Flat Service

Area are estimated to be 12,000 acre-feet per year. The

Railroad Flat Project would supply about 9^000 acre-feet

of water; the remaining 3^000 acre-feet would be supplied

by the Swiss Ranch project described later in this chapter.

Railroad Flat Dam would be located in the NE 1/4

S23, T6N, R13E, MDB&M at a streambed elevation of about 2,150

feet. A topographic map of the damsite at a scale of 1 inch
j

equals 200 feet with a contour Interval of 50 feet was made

by the East Bay Municipal Utility District in 1953. The res-

ervoir area was mapped by planetable survey by the Department

of Water Resources in 1957 at a scale of 1 inch equals 200

feet. Storage capacities of Railroad Flat Reservoir at

various stages of elevation are presented in Table 34.

TABLE 34

AREAS AND CAPACITIES OP RAILROAD FLAT RESERVOIR

Water surface :



A surflcial investigation of the site was made

by the department in 1951. Based on this investigation,

the site appears favorable for a rockflll dam with an im-

pervious core of the size under consideration in this

report.

The reservoir would Inundate a portion of the

Wilseyville-Rallroad Flat county road, necessitating about

one mile of relocation across the top of the dam. In

addition, a secondary power transmission line would have

to be relocated across the top of the dam.

As a result of yield studies, a dam I70 feet

in overall height, creating a reservoir with a storage

capacity of 15,000 acre-feet , was chosen for this site.

The crest elevation would be 2,320 feet. Sufficient con-

struction material is available within two miles of the

site.

The outlet works would consist of a 48-inch

diameter steel pipe encased in concrete, placed along the

right abutment. Releases would be made directly into the

channel of the South Fork Mokelumne River for subsequent

diversion through the Mokelumne Ditch.

Reconnaissance cost estimates were made of four

different heights of dam at the Railroad Flat site and a

cost versus storage capacity curve was drawn. This curve
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indicated that a dam of the size contemplated herein vjould

have a capital cost of $2,200,000 with annual costs of

$107,400.

Possible Supplementary Storage Projects . In

order to serve water to the northeast portion of Railroad

Flat Service Area, an offstream storage reservoir would have

to be constructed on the headwaters of North Pork Calaveras

River, as the need arises.

Bingham Reservoir, on North Fork Calaveras

River, Is suitably located for enlargement at the existing

dam or at two other locations downstream from the existing

dam. Storage capacities up to 25,000 acre-feet could be

realized by construction of a dam at the McCarty site

located In the SE 1/4, S35, T6N, R13E, MDB&M, at a stream-

bed elevation of 2,680 feet. Another favorable location

exists about 1/2 mile upstream at an approximate streambed

elevation of 2,750 feet. Either site would provide sufficient

regulatory storage to meet the requirements of the north- (

east portion of Railroad Flat Service Area and part of the

requirement of Jesus Maria Service Area.

The water supply to McCarty Reservoir would be

diverted from the South Fork Mokelumne River via the

abandoned Clark Ditch, which is suitable for reconstruction.

Water diverted through the Clark Ditch would have a

deleterious effect on the operation of Railroad Flat Reservoir,

as the South Fork Mokelumne River is the major contributor
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to the inflow of this latter project. Overslzing of

McCarty Reservoir would necessitate importation of water

from the Calaveras Project, which in turn would affect

the revenue from this project and the supply of water avail-

able for diversion to other areas of need along the route

of the Calaveras Project. Detailed studies should be made

to determine the size of McCarty Reservoir that would

yield the most water with the least harmful effect on the

Railroad Flat and Calaveras Projects.

Swiss Ranch Project

The Swiss Ranch Project, shown schematically on

Figure No. 1, would consist of Swiss Ranch Conduit, Swiss

Ranch Reservoir on Jesus Maria Creek, and Emery Conduit.

In addition, as the need arises, a conduit from Jesus Maria

Creek to the southwest portion of the Railroad Flat Service

Area would be constructed. Water would be diverted from the

Calaveras Project, after passing through White Pines After-

bay, to Swiss Ranch Reservoir. After reregulation in this

reservoir, water would be distributed to the Jesus Maria,

Emery, and San Andreas Service Areas, with the above-mentioned

provision for future delivery to Railroad Flat Service Area.

Swiss Ranch Conduit . This conduit would divert

water from San Antionio Creek in the NW 1/4, S2, T4N, R14E,

MDB&M at a strearabed elevation of 2,910 feet. The conduit
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would be 6.3 miles in length with a capacity of 100 second-

feet and would terminate at Swiss Ranch Dam.

Swiss Ranch Dam . The Swiss Ranch Dam would be

located on Jesus Maria Creek in the NE 1/4, S19, T5N, R14E,

MDB&M at a streambed elevation of approximately 2,530 feet.

A topographic map of the dam and reservoir was made in

1961 by the Department of Water Resources at a scale of 1

inch equals 800 feet with a contour interval of 20 feet.

Storage capacities of the proposed Swiss Ranch Reservoir

at various water surface elevations are presented in Table 35.

TABLE 35

AREAS AND CAPACITIES OF SWISS RANCH RESERVOIR

Water surface
elevation,
in feet

Storage capacity,
in acre-feet

Area,
in acres

2,530

2,580

2,620

2,660

2,700

2,740

2,780

2,800



Based on a surflclal geologic Investigation,

the Swiss Ranch damslte is suitable for a rockflll dam with

Impervious core of the size under consideration In this

report. No leakage problem would exist In the reservoir

area and silting would be light. About 2.5 miles of oiled

road and a secondary power line would require relocation.

As a result of yield studies, geologic investi-

gation, and design criteria, a rockflll dam with impervious

core 220 feet in height from streambed to spillway lip with

a crest elevation of 2,758 feet was selected for the site.

The total volume of fill would be about 1,300,000 cubic

yards. Sufficient construction material is available within

two miles of the site.

The outlet works would consist of a cut and cover

conduit along the left abutment. Gross capacity of the

outlet conduit would be 100 second-feet. Provision would

be made for stream maintenance releases and for direct

release into the Emery Conduit. In addition, provision

would be made to siphon water across the channel to the

right abutment for release into a distribution ditch to

serve the Jesus Maria Service Area.

The Emery Conduit . The Emery Conduit would be a

lined trapezoidal canal 3.5 miles in length with a capacity

of 60 second-feet. The conduit would convey water to Emery

Reservoir on an irrigation schedule for subsequent distribution

to the Emery and San Andreas Service Areas.
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Estimated capital and annual costs of the various

feature of the Swiss Ranch project are presented in Table 36.

TABLE 36

ESTIMATED CAPITAL AND ANNUAL
COSTS OP SWISS RANCH PROJECT

(Based on prices prevailing in 1961

)

CAPITAL COSTS

Swiss Ranch Conduit $ 5^9,000*

Swiss Ranch Dam and Reservoir

Project construction
Contingencies

Subtotal

Engineering and administration, 15^

Subtotal

Interest during construction at k%

Total capital cost of dam

Emery Conduit

TOTAL CAPITAL COST OF PROJECT $5,084,000

ANNUAL COSTS

Swiss Ranch Conduit 31,000
Swiss Ranch Dam and Reservoir 198,000
Emery Conduit 22,000

2,900,
570.



Murphy's -Angel Project

It was contemplated that the Murphy 's-Angel

Service Area would be served directly from the Calaveras

Project. Irrigable lands within the service area are cur-

rently served by the Utlca Ditch and by direct diversion

From local streams. The Murphy 's-Angel Project would utilize

bhe existing distribution systems plus construction of

ninor distribution ditches where needed.

The 2020 requirements of the area total some

3,800 acre-feet which, as stated above, would be diverted

[*rom the Calaveras Project after water has passed through

;he Avery Powerplant. The releases would be made from

Wery Afterbay to San Domingo Creek and to Hunter Reservoir

)n Moran Creek for subsequent diversion to the town of

lurphy's through the existing Utlca Ditch.

No storage projects were considered necessary in

:he Murphy 's-Angel Service Area at this time. However, it

should be noted that several good reservoir sites exist on

3an Antonio Creek, San Domingo Creek, O'Neil Creek, and South

'ork Calaveras River. Preliminary studies indicate that

?,000 acre-feet of yield could be developed on San Antonio

ind San Domingo Creeks with 7,000 and 5,000 acre-feet of

Jtorage on the respective creeks. Preliminary cost studies

)f these storage projects Indicate that the unit cost of

ieveloped water would be prohibitive until such time as the
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other projects considered herein are amortized. However,

potential reservoir sites listed above do Indicate a source

of water supply that may be developed to meet the require-

ments of the area beyond the year 2020.

Bear Mountain Project

The Nassau and Bear Mountain Service Areas are so

situated as to be financially Infeaslble of development at

the present time. It would be physically possible to trans-

port water to both areas by pipeline and conduit but the

unit cost of water would be prohibitive.

Further studies of the possibility of developing

local surface and ground water within the two service areas

should be made. Salt Springs Valley, within the Bear

Mountain Service Area, could be served by pumping from Salt

Springs Reservoir. Water from this reservoir could be lifted

approximately 90 feet and released Into Llttlejohns Creek

to serve the southern portion of the area. Under this plan,

the present users of water from Salt Springs Reservoir would

be served from the New Melones Canal under an exchange

agreement.

Development of North Fork of Stanislaus
River Basin as Proposed by

Calaveras County Water DlstrTct

Alternative plans for the development of the waters

of the North Fork Stanislaus River have been proposed by two
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local agencies; the Calaveras County Water District, and the

Stanislaus River Basin Group. Although the plans proposed

by these agencies have not been formally reviewed by the

department, they are presented in this and the following

sections as alternative possibilities.

Project Features . The North Fork area develop-

ment plan includes four major dams and reservoirs, three

diversion dams, four powerplants totaling 321,000 kilowatts

Installed capacity, and a series of conduits and related

control works, all of which would regulate the flow of the

North Fork of the Stanislaus River and its tributaries for

consumptive irrigation and domestic uses and for power genera-

tion. This development plan is shown on Plate 13, "Alterna-

tive Plans for Development of North Fork Stanislaus River."

North Fork Diversion Dam and Tunnel . The pro-

posed diversion structure would be located on the Upper North

Fork Stanislaus River immediately below its Junction with

Silver Creek. It would serve to divert water from the

North Fork, through a tunnel, to storage in an enlarged

Spicer Meadows Reservoir. Both the diversion dam and tunnel

would be located in granitic-type rock.

Spicer Meadows Dam and Reservoir . Spicer Meadows

would be located immediately downstream from the existing

concrete gravity dam on Highland Creek, which is a tributary
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of the North Fork Stanislaus River. The existing concrete

dam would be used as the upstream toe of the proposed new

structure.

Splcer Meadows Reservoir with a capacity of

130,000 acre-feet at maximum water surface elevation of

6,580 feet would regulate the flows In both Highland Creek

and the diversions from the North Pork Stanislaus River

above Silver Creek.

Splcer Tunnel and Penstock . The Splcer Tunnel and

Penstock would convey the water from the Splcer Meadows

Reservoir to the Sand Plat Powerplant. The tunnel and pen-

stock, 12 feet and 6 feet In diameter and 21,300 feet and

1,290 feet In length respectively, would have a maximum

capacity of 565 cubic feet per second.

Sand Flat Powerplant . This powerplant would be

located at the upper end of Ganns Reservoir on the North

Fork Stanislaus River. The powerplant is planned to be an

indoor, unattended plant. The installation would consist

of a single Impulse wheel turbine driving a generator with

a maximum capacity of 25,000 kilowatts. Design is based on

a flow of 565 cubic feet per second at 600-foot head. Maximum

static head is 741 feet.

Ganns Dam and Reservoir . Ganns Dam would be located

on the North Fork Stanislaus River, approximately 3/4 mile

below Its confluence with Highland Creek. The reservoir would
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sxtend into both Highland Creek and the North Fork Stanislaus

River and would serve to regulate flows below the North Fork

Diversion and Spicer Meadows Reservoir as well as reregulate

the flows from the Sand Plat Powerplant. The dam would have

a maximum height of 38O feet. An ungated overflow spillway

/ilth a capacity of 20,000 cubic feet per second is contem-

plated in the right abutment. The reservoir, at maximum

^»ater surface elevation of 5,828 feet, would provide a storage

capacity of 60,000 acre-feet.

Ganns Tunnel and Penstock . A tunnel, slightly in

jxcess of 10 miles in length, would convey the water from

Janns Reservoir to a penstock leading to the Boards Crossing

'owerplant. The maximum capacity of the tunnel would be

L,000 cubic feet per second. The tunnel, with the intake

Invert elevation of 5,520 feet at Ganns Reservoir, would be

Located in the granite ridge along the north side of the

Tiver. The steel penstock, 10 feet in diameter and 3,000

'eet in length, would be located on the surface leading to the

)owerplant. Provision can be included at the end of the

;unnel near the beginning of the penstock, for an outlet for

;he Ebbetts Pass Road domestic water system.

Boards Crossing Powerplant . The powerplant at the

jnd of the Ganns Tunnel and Penstock would be an 85,000 kilo-

watt installation consisting of two impulse turbines genera-

;ing with 1,000 cubic feet per second flow under a maximum
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static head of 1,683 feet. The tailrace from this plant

would terminate In the upper end of the Big Trees Reservoir

at this location. The plant Is planned to be an above-

ground Installation on the right bank of the river.

Big Trees Dam and Reservoir . Big Trees Dam

would be located approximately 9,200 feet downstream of the

Boards Crossing Bridge on the North Fork Stanislaus River.

It would be a 400-foot high rockflll structure with a sloping

impervious core. The total storage capacity provided is

162,000 acre-feet. A portion of the water to be diverted

for supplemental irrigation water supply in Calaveras County

may be stored in this reservoir.

Upper Beaver Diversion . This structure would be

a 60-foot high earth dam constructed on Beaver Creek at a

point approximately opposite Big Trees Reservoir. All

flows in Beaver Creek from 15 second-feet to 800 second-feet

would be diverted into Big Trees Reservoir.

A 2,800-foot canal of 8OO second-feet capacity

leading from the diversion dam and through a saddle in the

ridge between the North Fork Stanislaus River and Beaver

Creek is planned to transport the diverted water into Big

Trees Reservoir. Flows in Beaver Creek in excess of this

capacity would be released into the stream channel of the

diversion structure. Storage behind the dam would be

approximately 600 acre-feet.
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Big Trees Tunnel . This tunnel would be a l6-foot

horseshoe section, approximately 2 miles In length. The

designed capacity is 1,300 second-feet. The steel penstock

from the end of the tunnel would be 6 feet in diameter.

Big Trees Powerplant . This powerplant would be a

surface structure on the right bank of the North Pork Stanislaus

River at the upper end of Squaw Hollow Reservoir approximately

at the location of the existing Pacific Gas and Electric

Company Utlca System diversion works. The installation

would consist of one Francis turbine driving a generator

with a maximum capacity of 50,000 kilowatts. The static head

is 776 feet. Squaw Hollow Dam would regulate the tailwater

elevation for this plant.

Squaw Hollow Dam and Reservoir . The site for the

Squaw Hollow Dam is approximately one mile downstream from

the existing diversion works of the Pacific Gas and Electric

Company Utlca System. The dam would be a concrete arch 130

feet high, with a center overflow spillway of 30,000 second-

feet. The capacity of the reservoir behind the dam would be

approximately 2,000 acre-feet. The principal purpose of

this dam and reservoir is for diversion to the Murphys Tunnel,

regulation of Inflows to the North Fork Stanislaus River

between Big Trees Dam and Squaw Hollow Reservoir, and as an

afterbay for the Big Trees Powerplant.
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Lower Beaver Creek Diversion . Pacific Gas and

Electric Company has a diversion structure on Beaver Creek

approximately opposite their diversion works for the Utica

System on the North Fork Stanislaus River. Water from Beaver

Creek is diverted to the Stanislaus through a tunnel in the

ridge between the two streams. It is planned to enlarge

these two structures for diversion of the streamflow from

15 second-feet up to 400 second-feet to the Squaw Hollow

Reservoir. Plows passing the Upper Beaver Creek Diversion

and inflows between the two structures, less releases re-

quired for fish, would be diverted at this point.

Murphys Tunnel and Penstock . The Intake for this

tunnel would be at Squaw Hollow Reservoir with Invert at

elevation 3,280. The tunnel would be located in the

ridge along the right side of the North Fork Stanislaus

River, daylighting at a point approximately 15,000 feet after

crossing Mill Creek. A steel penstock would extend on the

surface from the end of the tunnel to the Collierville Power-

plant at Clarks Flat. The tunnel and penstock are designed

for 1,000 second-feet. A riser would be provided in the

tunnel approximately 29,000 feet below the intake to discharge

the water supply for irrigation into the central Calaveras

County area. This service outlet is planned to be for 400

second-feet.
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Colllervllle Powerplant . This powerplant would

)e at the terminus of the Murphys Tunnel and Penstock at

:iarks Flat below the confluence of the North and Middle

i-orks Stanislaus River. The Installation would consist of

;wo impulse turbines driving generating units with a total

installed capacity of l6l,000 kilowatts. The design is for

i flow of 1,000 second-feet at a static head of 2,255 feet.

?he v;ater would be returned to the Stanislaus River below

;he powerplant.

'roject Accomplishments

As presented by the Calaveras County Water

)istrict, the North Fork area development plan would provide

521,000 kilowatts of Installed power generating capacity,

154,000 acre-feet of storage, and an annual diversion of

'5,000 acre-feet for consumptive use in the Main Stream and

!'ributary Units.

'roject Costs

The total capital cost of the North Fork area

levelopment plan has been estimated for the district in the

imount of $122,577,000. Total annual costs were estimated

;o be $6,955,000, resulting in a net annual Income of $869,000.

Fo benefit-cost ratio was developed.
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Development of North Fork Stanislaus
River Basin as Proposed "by the
"Stanislaus River Basin Group

The Stanislaus River Basin Group Is composed of

the Calaveras County Water District, Tuolumne County VJater

District No. 2, Oakdale Irrigation District, and South San

Joaquin Irrigation District. As stated previously, no

formal review of this plan was made by the department In the

current Investigation.

Project Features

The Stanislaus River Basin Group (SRBG) plan

(Plate 13) Is similar to the one proposed for the Calaveras

County Water District which Is discussed In the preceding

section of this report. However, the number of project units

and scope of development would be considerably reduced as com-

pared to the latter proposal. Four storage reservoirs are

proposed to provide a total of 294,000 acre-feet of storage.

Two powerplants are planned with a total Installed capacity

of 165,000 kilowatts. Two diversion dams and two conduits

would also be required under the plan. As In the case of the

Calaveras County Water District Plan, no review has been made

as to the advantages of this proposal relative to other

possible developments. The following project features

proposed under the SRBG plan are Identical to corresponding

units under the CCWD plan:
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Splcer Meadow Dam and Reservoir
Big Trees Dam and Reservoir
Upper Beaver Diversion Dajn ajid Tunnel
Big Trees Tunnel
Big Trees Powerplant
Squaw Hollow Dajn and Reservoir
Lower Beaver Diversion Dam and Tunnel
Murphy s Tunnel and Penstock

The remaining feature, Colliervllle Powerplant,

would provide an Installed capacity of 115,000 kilowatts as

compared to l6l,000 kilowatts under the CCWD plan.

Project Accomplishments

The SRBG plan would provide an Installed capacity

of 165,000 kilowatts of power generation. Storage capacity

in two reservoirs would be 132,000 acre-feet.

Project Costs

The capital costs of the North Fork area develop-

ment have been estimated as $52,533*000. The annual cost,

including replacement cost, is shown as $500,000. Annual

power revenues would be approximately $4,432,000. No

benefit-cost analysis was developed.

New Melones Project

The New Melones Project was authorized by the

Flood Control Act of 1944, Public Law 534, Seventy-eighth

Congress, Second Session, and modified by the Flood Control

Act of 1962, Public Law 87-874, Eighty-seventh Congress,

Second Session. Public Law 87-874 reads in part as follows:
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"The New Melones project, Stanislaus River,
California, authorized by the Flood Control Act
approved December 22, 19^4 (58 Stat. 887), Is

hereby modified substantially In accordance with
the recommendations of the Chief of Engineers in

House Document Numbered 453, Eighty-seventh
Congress, at an estimated cost of $113^717^00:
Provided , That upon completion of construction
of the dam and powerplant by the Corps of Engineers,
the project shall become an Integral part of the
Central Valley project and be operated and main-
tained by the Secretary of the Interior pursuant
to the Federal reclamation laws, except that the
flood control operation of the project shall be
in accordance with the rules and regulations
prescribed by the Secretary of the Army: Provided
further . That the Stanislaus River Channel, from
Goodwin Dam to the San Joaquin River, shall be
maintained by the Secretary of the Army to a capa-
city of at least eight thousand cubic feet per
second subject to the condition that responsible
local Interests agree to maintain private levees
and to prevent encroachment on the existing chan-
nel and floodway between the levees: Provided
further . That before initiating any diversions of
water from the Stanislaus River Basin in connec-
tion with the operation of the Central Valley
project, the Secretary of the Interior shall de-
termine the quantity of water required to satisfy
all existing and anticipated future needs within
that basin and the diversions shall at all times
be subordinate to the quantities so determined:
Provided further . That the Secretary of the Army
adopt appropriate measures to insure the preserva-
tion and propagation of fish and wildlife in the
New Melones project and shall allocate to the
preservation and propagation of fish and wildlife,
as provided in the Act of August 14, 1946 (60
Stat. 1080), an appropriate share of the cost of
constructing the Stanislaus River diversion and
of operating and maintaining the same: Provided
further . That the Secretary of the Army, in con-
nection with the New Melones project, construct
basic public recreation facilities, acquire land
necessary for that purpose, the cost of construc-
ting such facilities and acquiring such lands to
be nonreimbursable and nonreturnable: Provided
further. That contracts for the sale and delivery
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of the additional electric energy available
from the Central Valley project pov/er syctem
as a result of the construction of the plants
herein authorized and their integration with
that system shall be made in accordance v;ith
preferences expressed in the Federal reclama-
tion laws except that a first preference, to
the extent as needed and fixed by the Secretary
of the Interior, but not to exceed 25 per
centum of such additional energy, shall be given,
under reclamation law, to preference customers
in Tuolumne and Calaveras Counties, California,
for use in that county, who are ready, able,
and willing, within twelve months after notice
of availability by the Secretary of the Interior,
to enter into contracts for the energy and that
Tuolumne and Calaveras County preference customers
may exercise their option in the same date in
each successive fifth year providing written
notice of their intention to use the energy
is given to the Secretary not less than
eighteen months prior to said dates: And
provided further . That the Secretary of the
Army give consideration during the preconstruc-
tion planning for the New Melones project to
the advisability of including storage for the
regulation of streamflow for the purpose of
downstream water quality control ..."

Funds for advanced planning of the New Melones

Project by the Corps of Engineers, United States Army, are

included in the current (1963) budget being considered by

the Congress.

As part of the process of obtaining modification

of the authorization of the New Melones Project by Congress,

the office of the Chief of Engineers, U. S. Department of

the Army, on January 4, I962, transmitted to the Department

of V/ater Resources its proposed report entitled "Review

Report for Flood Control on New Melones Project, Stanislaus
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River, California," for review and comment In accordance

with the provisions of Public Law 537^ 78th Congress, and

Public Law 85-624. Subsequently, the department transmitted

its comments on the New Melones Project in its report

entitled "Views and Recommendations of State of California

on Review Report for Flood Control on New Melones Project,

Stanislaus River, California," April I962. This report is

Included herein in the appendices.

The New Melones Project, including a possible

conduit to serve to Bachelor Service Area is shown on

Plate 7.

The most important conclusions in the department's

comments on the New Melones Project relative to the Calaveras

area include:

1. To be in conformance with the objectives
of The California Water Plan, the New Melones
Project should be subject to the rights of upstream
areas dependent upon waters of the Stanislaus River
and to the use of such water as may be required for
the future development of such areas.

2. The New Melones Pronect (as formulated in
the report that was reviewed) does not adequately
provide for the water needs of Calaveras and
Tuolumne Counties and the Bachelor Service Area.

As stated in Appendix A, the recommendations that

were included in the department's comments are as follows:

"It is recommended that the proposed New
Melones Project on the Stanislaus River be authorized
by the Congress at an early date for construction
and operation by the federal government; provided
that:
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1. Recognition be given to the right of
the upstream areas dependent upon waters of the
Stanislaus River to develop and utilize water
required for the future development of such areas.

2. Water be released downstream for fisheries
purposes and land be acquired for recreation and
v;ildlife as previously recommended herein.

3. Studies be authorized to develop the
full potential of the North Fork of Stanislaus
River, including formulation of additional
features of the New Melones Project designed to
serve 30,000 acre-feet of water each year initially
increasing to 50,000 acre-feet by the year 2015,
for use in upper Calaveras County. Further, that
the Sonora-Keystone Investigation of the Bureau
of Reclamation be programmed to formulate features
of the New Melones Project to provide 30,000 acre-
feet each year to the Sonora-Keystone area.

4. The Bachelor Service Area be served water
from the New Melones Project or by an exchange
from the Polsom South Canal."

It is noted that there are points of difference

in the provisions of Public Law 87-874 and the foregoing

recommendations, with regard to the reservation of water

for local use. Public Law 87-874 states in effect that

diversions from the Stanislaus River Basin shall at all

times be subordinate to the quantities needed to satisfy

the needs of the basin. The department's recommendation

is broader in that reservations would be made to serve the

entire needs of Calaveras County. Also, that a means

should be developed to serve the Bachelor Service Area

either from New Melones Reservoir or from Folsom South

Canal.
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The proposed additional features of the New

Melones Project that would serve upper areas of Calaveras

County were previously described In this chapter. They

include: (1) the Calaveras Project, (2) the l\[est Point

Project, (3) the Railroad Flat Project, and (4) the Swiss

Ranch Project. The projects are described in detail in

other sections of this chapter.

New Hogan Project

Construction of New Hogan Dam and Reservoir was

authorized as a portion of the Littlejohn Creek and

Calaveras River Stream Groups Project by the Flood Control

Act of 1944, Public Law 534, Seventy-eight Congress, Second

Session. Public Law 534 reads in part as follows:

"The plan of improvement for flood control
and other purposes on the Calaveras River and
Littlejohn Creek and tributaries, California is
hereby authorized substantially in accordance with
the recommendations of the Chief of Engineers in
House Document Numbered 545, Seventy-eighth Congress,
second session, at an estimated cost of $3^868,200."

New Hogan Dam, now under construction, is a rock-

fill dam with an impervious earth core and a maximum height

of about 200 feet, located on the Calaveras River, about

28 miles northeast of Stockton, just downstream from the

former Hogan Dam. New Hogan Reservoir will have a gross

storage capacity of 325,000 acre-feet for flood control.

-202-



irrigation, and other water conservation purposes. The dam

and reservoir will produce an estimated new average annual

yield of water of approximately 38,000 acre-feet and a total

yield of about 71,800 acre-feet per year Including the yield

of the former Hogan Reservoir. The dam was about 65 percent

completed In March 1963^ and Is scheduled for completion

during June 1964.

Early construction of New Hogan Project was made

possible by a contract between the U.S. Bureau of Reclamation

and the Department of Water Resources to guarantee the repay-

ment of the conservation portion of the project costs. To

follow the older practice of first selling the water, and

then beginning construction, would have delayed construction

for some Indefinite time. By starting construction earlier,

much needed flood control will be provided in the near future.

Under the terras of the contract, the Bureau will

liave seven years after the project is completed in which to

negotiate contracts for local use of the water; and to the

extent that it succeeds in doing so, the State's share of the

cost will be reduced proportionately. If the Bureau is com-

pletely successful, the State will no longer be obligated for

repayment of these project costs. After the seven-year period,

the State will have the right to contract with entities for

that portion of the storage space or water service not

obligated by Bureau contracts.

As a part of the process of funding the authorized

project, the U.S. Army, Corps of Engineers, prepared "Report
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on Preliminary Cost Allocation Studies, New Hogan Project,

Calaveras River, California," and on February 25, 1958,

the Department of Water Resources transmitted to the

Sacramento District of the Corps of Engineers comments

of the State of California regarding the report. This

letter is included in the appendix of this report.

The New Hogan Project, Including a possible con-

duit to serve the Hogan Service Area, is shown on Plate 7.

Important portions of the department's comments

on the New Hogan Project relative to the Calaveras area

include:

"1. There is a need for the project. Con-
struction of New Hogan Reservoir to a capacity
of 325,000 acre-feet would provide flood protec-
tion needed now in the Stockton area and would
also provide for full development of Calaveras
River for conservation purposes.

2. Water from New Hogan Reservoir could
be utilized temporarily by Stockton and East
San Joaquin Water Conservation District but
ultimately the entire yield of the reservoir
would be required, and in the opinion of the
department should be used, to serve the Bear Creek*
and Hogan Service Areas.

3. Department estimates indicate that under
full development the needs of the Bear Creek* and
Hogan Service Areas will exceed the yield from
Nevj Hogan Reservoir. V/hen the Polsom South Canal
is constructed, all the physical facilities needed
to provide direct service to the Stockton and
East San Joaquin Water Conservation District, as well
as to the Bear Creek and Hogan Service Areas, will
exist."

*The area included in the former Bear Creek Service Area
is currently Included in the Hogan Service Area.
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CHAPTER VI. SUMMARY, CONCLUSIONS,
AND RECOMMENDATIONS

The rapid expansion of population In California

jince World War II and the corresponding Increase in

later requirements, have resulted in a need for an accel-

jrated program of water resource development. The Legls-

.ature, realizing the urgency of this need, has provided

\inds for planning a coordinated statewide development of

rater resources.

The objective of the Calaveras Investigation was

;o formulate plans for the development of the water resources

if the Mokelumne, Calaveras, and Stanislaus Rivers. During

he course of the investigation, the federal government has

itarted construction of New Hogan Dam on the Calaveras

liver and has completed planning for New Melones Dam on

he Stanislaus River and the Folsom South Canal. These

irojects will provide for the needs of the San Joaquin

'alley and lower foothill lands.

Summary

The area of investigation extends approximately

'rom the Mokelumne River southward to the Stanislaus River

Lnd from the western reaches of the Delta eastward to Alpine
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County. It encompasses all of Calaveras County and a

portion of San Joaquin and Stanislaus Counties.

The topography varies from flat terrain on the

valley floor through gently rolling hills in the mid-

regions to rugged slopes and deeply incised canyons in

the eastern area. The climate of the valley is characterized

by hot, dry summers and mild winters; and, as the elevations

increase to the east, the summers become milder and the

winters more severe. The length of the growing season

varies from 270 to 135 days. Four general soil types are

found in the area: (l) deep, well-drained fertile soils

on the valley floor, (2) coarse-to-medium textured soils in

the foothill area, (3) medium textured soils with underlying

layers of hardpan, and (4) relatively shallow weathered-rock

types in the highlands. Geologically, the older rocks in

the area are resistant pre-Tertiary metamorphic and intru-

sive igneous rocks, locally of unequal strength and complex

structure. This bedrock series is overlain by essentially

undeformed geologic materials of Tertiary age and younger.

The earliest development of the Calaveras area

started with a French trading post near Stockton in I83O.

The gold mining era--from 1848 to l875--provided impetus

to the growth of the area; and development in the valley

took place almost as rapidly in order to satisfy the demand

of the mining regions for beef and produce. A period of
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adjustment to a reduced level of mining activity and local

agricultural enterprise has followed. The water supply

development history has closely paralleled the economic

history of the Calaveras area. The first water supply

projects served mining needs; and, as these needs were ful-

filled, the emphasis shifted to providing water supplies

for agricultural purposes. Today, the major economic

activity on the valley floor portions of the area is

agriculture. In Calaveras County, the major sources of

income are raining, lumbering, forest products industries,

livestock grazing, agriculture, commercial establishments,

recreation, and the production of hydroelectric energy.

The chief beneficiaries of water resources development in

the Calaveras area would be the operators of agricultural

and grazing lands along the foothills of Saxi Joaquin and

Stanislaus Counties between the Mokelumne and Stanislaus

Rivers, since these areas are now dry-farmed.

Water Supply

The water supply of the Calaveras area originates

as direct precipitation, surface and subsurface inflow, and

water pumped from the Delta to serve irrigated lands in the

valley. A portion of the water supply is used within the

area of investigation, but most of it either drains from

the area by way of the Mokelumne, Calaveras, and Stanislaus
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Rivers or is retained in storage reservoirs for use in

remote areas. The major portion of surface runoff occurs

during late spring and early summer months from the melting

of the Sierra Nevada snowpack. Both precipitation and run-

off fluctuate widely from year to year. Ground water, re-

plenished by surface runoff, is the principal source of

water for irrigation in the San Joaquin Valley. Ground

water is not a significant source of supply for Calaveras

County.

Precipitation

Precipitation on the Calaveras area is derived

almost entirely from easterly moving storms that originate

over the North Pacific. This precipitation is generally

light on the valley floor and lower foothill areas and

moderately heavy in the highlands near the crest of the

Sierra Nevada.

Runoff

Runoff from rainfall and snowmelt in the Mokelumne,

Calaveras, and Stanislaus River Basins constitutes the only

significant sources of water available fcr development for

use in the foothill and mountainous portions of the Calaveras

area. Although extensive development of this runoff has

taken place for use in other areas, substantial portions

are still unregulated and wastes from the area.
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Runoff Characteristics . Runoff from the Mokelumne

and Stanislaus River Basins Is derived, for the most part,

from snowmelt. As a result, peak flows of these streams

are reached In spring and early summer months, and low

flows occur during late summer months. The maximum eleva-

tions of the Calaveras River Basin, however, are considerably

lower, and snowmelt does not contribute significantly to the

runoff of this stream. Consequently, the monthly runoff

pattern for the Calaveras River follows closely the monthly

pattern of precipitation on the basin.

Flow of the Mokelumne River above the valley floor

Is Impaired by Pardee, Salt Springs, and Bear River Reser-

voirs. The impairments to the flow of the Calaveras River

above Hogan Reservoir are negligible. The Stanislaus River

flow is impaired by developments of the Pacific Gas and

Electric Company and by the Oakdale and South San Joaquin

Irrigation Districts.

Records for the Mokelumne River show that the

maximum annual discharge was 1,500,000 acre-feet, and the

maximum instamtaneous rate was 28,800 second-feet. During

July and August of 193^, the flow dropped to zero at times.

The maximum annual discharge for the Calaveras River was

539,000 acre-feet, compared to a minimum of 13,^00 acre-

feet. The maximum instantaneous flow rate was 50,000

second-feet and the flow drops to zero during the late
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surrmier months of most years. The maximum recorded annual

flow for the Stanislaus River totaled 2,780,000 acre-feet,

compared to a minimum of 280,000 acre-feet. Instantaneous

flow rates were 64,500 second-feet, reducing to less than

one second-foot on many occasions.

Imported and Exported Water . Water is exported

from the Mokelumne River Basin to the East Bay Municipal

Utility District by means of a conveyance system with a

capacity of 310 second-feet. The Pacific Gas and Electric

Company operates the Amador Canal to divert Mokelumne River

water for irrigation and domestic use in Amador County.

Water is diverted from the South Fork of the Stanislaus

Pllver through the Lyons-Phoenix System by the Pacific Gas

and Electric Company for energy generation and consumptive

use near Sonora. The Pacific Gas and Electric System

operates the Utlca Ditch System which diverts water from

the North Fork of the Stanislaus River for the generation

of energy and consumptive use in Calaveras County.

Ground Water

Ground water is not a significant source of water

supplies in the foothill and mountainous areas. However,

the San Joaquin Valley portion of the Calaveras area is

underlain by water-bearing materials of considerable storage

capacity

.

-210-



The San Joaquin Valley porllon of the area of

investigation consists of the Valley Unit and portions of

the Main Stream Unit at the lower elevations. The develop-

ment of water resources for this unit is discussed in detail

in Bulletin No. 11, "San Joaquin County Investip^atlon,

"

and the Valley Unit of this report encompasses the follow-

ing ground water units as discussed in Bulletin No. 11:

Eastern Mokelumne Unit, Western Mokelumne Unit, Calaveras

Unit, and Llttlejohns Unit. The net seasonal extractions

from these units as reported in Bulletin No. 11 was about

363^000 acre-feet. The total mean annual consumptive

use of water at the present time is estimated to be

837,000 acre-feet. The estimated probable maximum consump-

tive use of applied water would be 1,122,000 acre-feet.

The estimated safe yield of the ground water basins is

about 311,000 acre-feet.

Water Quality

The surface waters of Calaveras area are of excel-

lent mineral quality and are well suited to all beneficial

uses. Ground waters of the area were also generally of

excellent mineral quality; however, wells located in areas

of excessive drawdown may be affected where the ground

water basin is not adequately replenished.
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Land and Water Use

The present water supply development of the

Calaveras area Includes surface supply for the generation

of energy and for recreational, domestic, and limited

irrigation purposes. On the valley floor, ground water

has been extensively developed for irrigation purposes.

For purposes of this report, the area of investigation has

been divided into major geographical units and these units

are further subdivided into subunits which represent logi-

cal service areas.

Units of the Investigative Area . The major units

are delineated on Plate 2 and are called the Valley, Main

Stresun, and Tributary Units. The latter two units have

been subdivided into service areas as shown on Plate 2A.

Land Use

Projections of future water requirements are

largely based upon future projections of the use of the

land. Patterns of land use that prevailed during 1958 and

1959 were determined for the Calaveras area except those

areas of the Valley Unit which lie to the west of the pro-

posed Folsom South Canal. Previous land use studies for

these areas were conducted by the Department of Water

Resources and the results were presented in Bulletin No. 11,

"San Joaquin County Investigation."

-212-



Present Land Use . Present land use as deter-

mined in 1958 and 1959 by field surveys is shown on Plate

6, "Classification of Present and Potential Land Use."

The predominant current use of lands requiring water ser-

vice is for irrigated agriculture.

Potential Patterns of Land Use . An estimate of

the potential land use pattern was prepared and is shown

on Plate 6. For purposes of economic analysis, the growth

of land use development was predicted by decades to the mid-

decade year 2015. Several basic assumputions were necessary

in this process, of which the most important are: (1) an

additional water supply to the Tributary Unit would be

limited by those uses which could sustain a maximum cost

of $5-10 per acre-foot, with an annual upper limit of

30,000 acre-feet; and, (2) an additional supply to the

Main Stream Unit could be developed for use capable of

sustaining the same water costs, with no upper limit re-

garding annual supply. Lands in the Valley Unit are

presently under intensive irrigation. Future expansion

of irrigation requirements in this unit would be supplied

with water from the proposed Folsom South Canal.

Present Water Use and Requirements . Of the

presently developed waters of the Calaveras area in the

Tributary amd Main Stream Units, only about 41,170 acre-

feet per year are consumptively used. Water requirements
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include the water use plus allowances for seepage losses.

The present annual estimated water requirements for the

two units is 57,800 acre -feet.

Future Water Use and Requirements . Based upon

the projected level of urban, suburban, agricultural, and

recreational development as projected by the land use

studies, the mesm annual consumptive use of applied water

in the year 2020 is estimated to be 212,500 acre-feet for

the Tributary and Main Stream Units. The corresponding

water requirements are estimated to be 300,400 acre-feet.

Since approximately 39jlOO acre-feet of the present supply

is considered to be available in the future, the balance

of 261,300 acre-feet per season represents the project

water required by the year 2020.

Water Ilights

Conflicting water rights applications for

appropriation of water from the North Fork of the

Stanislaus River have been filed in the period since

1947. The State Water Rights Board, by Decision D-1114

adopted in March of 1963j granted certeiin of the permits

and denied all others. Several state applications are

Involved axid it may be necessary for the California Water

Commission to hold hearings on these applications later.
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In order to determine the extent of availability

of unappropriated water on the Mokelumne River, it appears

that hearings will be required by the State Water Rights

District. If developments were undertaken under State

Application 5648, it may be necessary for the California

rfater Commission to conduct a hearing.

In order to determine the extent of availability

Df unappropriated water to development in the upper

:alaveras River watershed, the State Water Rights Board

:ield hearings on several applications in April of 1963

and a decision is anticipated later in that year. The

California Water Commission, on May 4, I962, granted a

release from priority of Application 5648 at the New Hogan

3am in favor of the applications of the Calaveras County

tfater District for its upper Calaveras River development.

Plans for Water Development

The growth and enhancement of the economy of the

Calaveras area will require the development of adequate

•/ater supplies at costs that future users will be able to

pay. In the Tributary and Main Stream Units, present cur-

;ailments of water use in critical periods result in

[Restrictions to further economic development. In the Valley
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Unit, present water demcinds are met by overdrawing ground

water supplies. This overdraft. If continued, will re-

sult In Increased pvunplng costs and a threat of degradation

of the mineral quality of the water. During the late

spring and early summer months, surplus flows exist In

the streams of the area. These flows. If properly con-

trolled amd distributed, could meet future water require-

ments of the upper Calaveras area.

Water Conservation Possibilities

Several possible means of providing additional

water supplies to the Calaveras area were considered during

this Investigation, as follows: (1) direct diversion of

streamflow, (2) Increased ground water development, and

(3) further development of unregulated surface waters of

the Calaveras area.

Direct Diversion of Unregulated Streamflow . The

possibility of supplementing existing water supplies by

direct diversions from the Mokelumne, Calaveras, and

Stanislaus Rivers Is extremely limited. This Is true

because of the Intermittent runoff characteristics of the

small strecuns and fluctuations of monthly and annual runoff

In all streams. The entire dry-season flow of many streams

is already subject to existing water rights. For these

reasons, the direct diversion from streams is not considered

to be a practicable means for development additional water

supplies.
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Increased Ground Water Development . The possibility

for developing additional supplies for use within the area

of investigation from further ground water development is

not feasible. As stated in foregoing sections, the ground

water basins in the Valley Unit are currently subject to

dangerous overdrafts, and further increase would only tend

to aggravate this condition. No ground water aquifers of

any significant size exist in the higher reaches of the

Main Stream Unit or in the Tributary Unit. Consequently,

the future development of ground water supplies is not

considered to be a feasible means of providing additional

water supplies.

Future Development of Unregulated Waters of the

Calaveras Area . The possibility of developing, in storage

reservoirs, unregulated waters of the Calaveras area appears

to be the most practical solution for providing additional

water supplies for use in the Tributary and Main Streajn

Units. As shown on Plate 7^ it is contemplated that the

future requirements of the major units of the area of in-

vestigation would be satisfied in the following manner:

1. Tributary Unit . Small water conserva-

tion projects would be constructed in upper

Calaveras County to provide for local con-

sumptive needs. To supplement this source of

supply, a multipurpose project would be constructed

217-



on the North Fork of the Stanislaus River

which would provide water for importation

into Calaveras County and would provide

revenue through the generation of power.

2. Main Streaim Unit . Lands within

this unit would be served from the yield

of New Melones Reservoir and New Hogan

Reservoir, supplemented by pumping from

the proposed Folsom South Canal.

3. Valley Unit . Irrigated and

irrigable lands on the valley floor would

continue to be served by ground water sup-

plies, supplemented by direct diversion

from the proposed Folsom South Canal.

The overall plan of develcpment is shown in schematic form

in Figure 1, "Schematic Flow Diagram of Water Supply

Development, Calaveras Area."

Calaveras Project . The Calaveras Project, shown

on Plate 8, would develop a firm water supply of about 106,000

acre-feet per year. Provisions would be made for diverting

approximately l6,000 acre-feet of this firm supply plus an

annual average excess supply of 22,100 acre-feet, into the

interior regions of Calaveras County. The remaining 90,000

acre-feet of diversion would be returned to the North Fork

of the Stanislaus River. Three powerplants are planned
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with a total Installed capacity of 109,300 kw and an

average annual production of energy totaling 350,000,000 kwh.

A brief description of the Calaveras Project fol-

lows. A tunnel connecting Union Reservoir with Spicer

Meadow Reservoir would be enlarged by the construction

of a new dam. This reservoir would regulate the runoff

from the upper North Fork drainage area to provide the

additional yield required for the project. Regulated dis-

charges from the reservoir would be conveyed by Highland

Creek and the North Fork of the Stanislaus River to the

proposed Gauins Diversion Dajn. Diversions would be made

from this location through a tunnel and conduit to a system

of three powerplcuits and secondary diversion points which

would provide for supplementing water supplies to Calaveras

County.

The total capital cost of all project facilities,

including recreational features, is estimated to be

$47,678,500. The present worth of a 50-year annual equiva-

lent repayment cost series, including an item for taxes

foregone for the powerplants, would be $81,961, 700. Primary

tangible benefits attributable to the project are derived

from power generation and recreation, and have been esti-

mated to be $89,161,300. The benefit-cost ratio, as shown

on Table 26, is estimated to be 1.12:1. It should be noted

that no benefits from Irrigation, municipal, or domestic
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water supply were considered attributable to the project.

Hence for the purposes of this reconnaissance report, the

water available for diversion to Calaveras County could

be considered to be cost-free at the point of diversion

from the project system.

Local Development Plans . In order to meet the

future water supply requirements of the Tributary Unit,

several storage projects are contemplated for the purpose

of regulating more effectively the surface runoff that

presently wastes and to reregulate such water supplies as

may be imported into the area from the North Fork of the

Stanislaus River via the Calaveras Project. These projects

are shown on Plate 11, "Plan of Possible Local Development

Projects," and in schematic form in Figure 1. Because the

original estimates of land use, and water requirements

derived therefrom, were based on assumed maximum water

costs of $5-10 per acre-foot, the local development plans

discussed herein do not represent formulated projects.

However, these facilities are believed to afford the best

possibilities for future, more detailed studies towarni the

development of water supplies for the various service areas

of the Tributary Unit.

The West Point Project would consist of three

reservoirs in or adjacent to the West Point Service Area.

Schaad Reservoir, on the Middle Fork of the Mokelumne
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River, would be enlarged; and new reservoirs that would be

constructed are Campground Reservoir, on Forest Creek, and

Hunter Creek Reservoir. Two conduits would also be re-

quired, one from Forest Creek to Hunter Creek, and the

other from Hunter Creek to Bear Creek. The conjunctive

regulation provided by these reservoirs would provide a

yield of 7,000 acre-feet annually, which closely approxi-

mates the future water requirements of the West Point

Service Area. The estimated capital costs for this

project Is $5,281,000.

The Railroad Flat Project would consist of Rail-

road Flat Reservoir on the South Fork of the Mokelumne

River and would contemplate use of the existing Mokelumne

Ditch and construction of additional distribution ditches

in the Mokelumne Hill and Paloma areas. The southwest

portion of the Railroad Flat Service Area would be the

principal area served by this reservoir. Of the year 2020

water requirements of l6,000 acre-feet predicted, 12,000

acre-feet would be supplied by the Railroad Flat Project

and the remaining 4,000 acre-feet would come from Swiss

Ranch Reservoir. The estimated capital costs of this

project is estimated to be $2,200,000.

The Swiss Ranch Project would consist of the

Swiss Ranch Reservoir on Jesus Maria Creek, Swiss Rcinch

Conduit and Emery Conduit. In addition, as the need
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arises, a conduit from Jesus Maria Creek to the southwestern

part of the Railroad Flat Service Area Is contemplated.

Water would be Imported to this reservoir from the Calaveras

Project; and, after reregulatlon. It would be distributed

to Jesus Maria, Emery, and San Andreas Service Areas. The

estimated capital costs of this project are $5*084,000.

New Melones Canal . It Is contemplated that the

New Melones Project, as proposed by the U.S. Army Corps of

Engineers, would Include a New Melones Canal for delivery

of water to the Bachelor Service Area. New Melones Canal

would extend from Goodwin Reservoir on the Stanislaus River

In a northwesterly direction to the North Fork of Duck

Creek. Several small reservoirs would be constructed

along the way and would be utilized both for the storage

of water and for the propagation of warmwater fishes.

The Hogan Conduit . The Hogan Service Area would

be served with water from the New Hogan Project currently

under construction by the U.S. Army Corps of Engineers.

The conduit would extend from New Hogan Reservoir westerly

for about 23 miles through the Hogan Service Area. Since the

supplemental yield of New Hogan Reservoir is estimated to be

38,000 acre-feet, compared to the year 2020 requirement for

the Hogan Service Area of 65,000 acre-feet, it is contemplated

that water service deficiencies will be met by pumped sup-

plies fix)m Folsom South Canal.
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Development of North Fork Stanislaus River as Proposed by
Calaveras County Water District

The Calaveras County Water District has com-

pleted a master plan for the local development of water

resources within Calaveras County. Only that part of the

district plan which deals with the North Fork Stanislaus

River Is discussed herein.

The North Fork Development Plan consists of four

major dams and reservoirs, three diversion dams, four power-

plants having a total Installed capacity of 321,000 kw, and

a series of connecting conduits and related works. This

plan Is shown on Plate 13, "Alternative North Fork Stanislaus

Development Plans." The estimated capital costs of this

plan were estimated by the district to be $122,577,000.

Development of North Fork Stanislaus River as Proposed by
the Stanislaus River Basin Group

The Stanislaus River Basin Group is composed of

the Calaveras County Water District, Tuolumne County Water

District No. 2, Oakdale Irrigation District, and South

San Joaquin Irrigation District.

The North Fork Development Plan as proposed by

the group Includes many of the same features as the plan

proposed by the Calaveras County Water District previously

discussed; however, the number of project units has been

reduced. Four storage reservoirs are proposed which would
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provide a total capacity of 294,000 acre-feet, two power-

plants with a combined capacity of 165,000 kw, two diver-

sion dams and two conduits are included in this plan,

which is also shown on Plate 13. The capital cost of this

project has been estimated by the Stanislaus River Basin

Group to be $52,533,000.

Conclusions

1. The future growth of the Calaveras Area is

largely dependent upon the development of additional

water supplies at a cost within the payment capacity

of the prospective users.

2. In the Valley Unit current water require-

ments are satisfied at the expense of excessive

pumping of ground water, thereby causing progressive

lowering of the ground water level. Supplemental

water supplies for this unit will be required in

the future in order to alleviate the ground water

overdraft and to permit further development of the

area. The logical source of additional water would

be the Folsom South Canal as proposed by the

United States Bureau of Reclamation,

3. Development of the lands of the Main

Stream Unit has been inhibited by the limited

dependable supply of water. It is estimated that
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an additional annual water supply of approxi-

mately 205,000 acre-feet would be required for

use in this unit by the year 2020. New Hogan and

New Melones Reservoirs would provide the water

supply for most of these demands, and the supply

could be augmented by pumped diversions from

Folsom South Canal.

4. In the Tributary Unit, providing water

can be developed within the payment capacity

of the users, an additional water supply of 55,000

acre-feet per annum would be required by the year

2020. Of this amount, approximately 25,000 acre-

feet could be developed locally from the Mokelumne

and Calaveras River systems. The remaining

30,000 acre-feet could be diverted for consumptive

use purposes from the North Fork of the Stanislaus

River.

5. The proposed Calaveras Project consist-

ing of a system of works located on the North

Fork Stanislaus River and the divide between the

Stanislaus and the Mokelumne and Calaveras River

Basins would be a feasible means of supplying water

from the Stanislaus River for use in the Tributary

Unit. Benefits which would accrue to this project

from generation of hydroelectric power and water-

oriented recreational use are estimated to have
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a present worth of $89,l6l,300. The present

worth of corresponding project costs would be

$81,961,700, resulting in a benefit-cost ratio

of 1.12:1.

Recommendations

To aid in the implementation of a general plan

of water resources development for the Calaveras area, it

is recommended that

:

1. The development of water resources

of the North Pork of the Stanislaus River be

multipurpose in nature and that provisions

should be made to serve water to the Tributary

Unit of the Calaveras area.

2. The Main Stream and Valley Units

of the Calaveras area be considered as

primary service areas of the Central Valley

Project

.

3. The yield of Mevj Hogan Reservoir be

made available to the Valley Unit as an Interim

measure, until such time as the Folsom South

Canal is in operation. At that time the water

demands of the Valley Unit would be satisfied by the

Folsom South Canal and the full yield of the New

Hogan be supplied to the Main Stream Unit.
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4. In addition to taking all feasible

measures. Including adequate streamflow main-

tenance, for the preservation of the existing

fish and wildlife resources. In future v;ater

development projects, provision should be made

for the enhancement of such fish and wildlife

resources and for the development of the

recreational potential of the area to the

maximum feasible extent.

5. In assigning or releasing from

priority Applications Nos. 564?, 5648, 5649,

13333, 13334, 14858, and 14859, filed in

furtherance of the development of water

resources for the benefit of the people of

California, a general reservation be made by

the California Water Commission for use of

such water as may be necessary for the develop-

ment of the counties in which the water

originates.

6. The plans for water resources develop-

ment of the Mokelumne, Calaveras, and Stanislaus

Rivers as presented in this bulletin serve as

a general guide to the future development of the
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Calaveras area, and further, that the plans be

reviewed and re-evaluated at that time in the

future when economic and other conditions

permit the development of additional water

supplies.
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APPENDIX A

INTRODUCTION

By letter dated January 4, 1962, the office of

the Chief of Engineers, U.S. Department of the Army, trans-

mitted to the Department of Water Desources, State of

California, Its proposed report entitled "Review Report

for Flood Control on New Melones Project, Stanislaus River,

California" for review and comment in accordance with the

provisions of Public Law 534, 78th Congress and Public Law

85-624. Included with the report of the Chief of Engineers

were reports of the Board of Engineers for Rivers and Har-

bors and of the District and Division Engineers. For the

sake of brevity, the "Review Report for Flood Control on

New Melones Project" will be referred to hereinafter as the

"New Melones Report."

The New Melones Project was authorized by the

Flood Control Act of 1944 at a storage capacity of 450,000

acre-feet, with provisions for possible future enlargement

to 1,100,000 acre-feet. Further studies of this project

by the U.S. Bureau of Reclamation including those for the

contemplated East Side Division of the Central Valley

Project resulted in a Joint Investigation by the Corps and
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the Bureau of the economic Justification of a project with

reservoir storage capacity greater than 1,100,000 acre-feet

As a result of this joint investigation, larger storage

capacity was found to be desirable. The Appropriations

Committees of the Senate and House of Representatives

authorized an Investigation of Melones Reservoir with

storage capacity greater than 1,100,000 acre-feet in

October 1959- The review report on New Melones Project

is a result of that joint investigation.

According to the information presented in the

New Melones Report, on the basis of comparison of incre-

mental benefits with incremental costs. New Melones Reser-

voir with a storage capacity of 2,400,000 acre-feet would

be economically justified. This amount of storage capacity

would also provide for full development of the lower

Stanislaus River. A new powerplant, with an installed

capacity of 150,000 kilowatts, would be included as part

of the project and would provide a large portion of the

project benefits.

It is stated in the New Melones Report that New

Melones Reservoir with a storage capacity of 2,400,000

acre- feet, when integrated with the contemplated East Side

Division of the Central Valley Project, would provide

additional average annual new water supplies of about

261,000 acre-feet measured at the service area. This
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service area, for the purposes of economic analysis, was

assumed to be In the water deficient San Joaquin Valley.

The estimated average annual primary benefits

of the New Melones Project as presented In the New Melones

Report are as follows:

Flood Control $ 1,030,000

Irrigation 4,443,000

Power 3,993,000

Recreation (including fish
and wildlife) 330,000

TOTAL $ 9,816,000

The estimated first cost of the New Melones

Project is $114,000,000 with a corresponding annual cost

of $6,223,000. The ratio of benefits to costs is 1.6 to 1.

COMMENTS OF DEPARTMENT OF WATER RESOURCES

The Department of Water Resources has a direct

Interest in all projects involving the development of water

resources within the State. Of particular interest is the

extent to which these projects are compatible with the com-

prehensive plan for the general and coordinated development

of the water resources of California.

The California Water Plan

Optimum multipurpose development of the New

Melones Reservoir site on the Stanislaus River should be
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made for the purposes of flood control, water conservation,

hydroelectric power production, recreation, and fish and

wildlife. There is a particularly urgent need for flood

control protection to lands located along the Stanislaus

and lower San Joaquin Rivers.

At a public hearing on the New Melones Project

conducted by the U.S. Corps of Engineers and Bureau of

Reclamation in Modesto on October 17* I960, local interests

from Tuolumne, Calaveras, Stanislaus, and San Joaquin

Counties generally Joined in urging a delay of at least a

year in further formulation of the project to allow time

for completion of studies of possibilities for development

of the waters of the Stanislaus River by local interests.

Subsequently, the Stanislaus River Basin Group, composed

of Calaveras County Water District, Tuolumne County Water

District No. 2, Oakdale Irrigation District, and South San

Joaquin Irrigation District, completed a report entitled

"Report and Development Plan, Stanislaus River Basin Area"

dated October 1961, The department has received this report

and is aware of the differences in the plans to develop

water at the Melones site as proposed by the Stanislaus

River Basin Group with the plans as proposed by the Corps

of Engineers. The principal difference is that the Stanislaus

River Basin Group proposed to construct New Melones Reservoir

with storage capacity of 1,100,000 acre-feet, and the Corps

has proposed storage capacity of 2,400,000 acre-feet.
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While it Is generally desirable to have local devel-

opment of water to satisfy local needs, it is also desirable

to obtain optimum development of the water resources of the

State. It is noted that the department has not made inde-

pendent sizing studies of New Melones Reservoir integrated

with the Central Valley Project. However, such studies made

by the Corps and by the Bureau have been reviewed, and it

appears that a multipurpose reservoir with a storage capacity

of 2,400,000 acre-feet at the New Melones site would optimize

development of the waters of the Stanislaus Pliver.

The comments of the Department of Water Resources

of December 9, I960, on the draft report of the Corps has been

appended to the New Melones Report. However, the portion of

these comments pertaining to water rights of counties of ori-

gin have not been discussed in sufficient detail in the text

of the New Melones Report to indicate concurrence by the Corps,

The State has filed several applications for water rights on

the Stanislaus River. The first of these were Applications

Nos. 5648 and 5649, filed in 192? specifying a service area

within or adjacent to the Stanislaus River drainage basin.

Under existing state water law, counties of origin ccinnot be

deprived of any water required to supply their needs by proj-

ects operating under these applications. The proposed project

would be considered substantially in conformance with The

California Water Plan if it were agreed that water would be

made available to the counties of origin whenever needed, as

specified in water rights Applications Nos. 5648 and 5649.
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Service Area

The department agrees that there Is a present

need In the San Joaquin Valley for all of the water that

could be made available from the New Melones Project.

For the purposes of the operation studies presented In

the New Melones Report, future upstream depletion of the

waters available to New Melones Reservoir was estimated

to Increase to about 6o,000 acre-feet annually In the

next 50 years. When the State reviewed the draft report

of the New Melones Project in December I96O, the future

upstream depletion of the waters of the Stanislaus River

were estimated to be from about 100,000 to 120,000 acre-

feet annually greater than current depletions on the basis

of including service to the Hogan Service Area. This ser-

vice area is located between the Calaveras and Mokelumne

Rivers, east of the service area of the Folsom South Canal,

and below New Hogan Dam. It has been determined from

further study, that this service area could best be served

by meajis of an exchange of water from New Hogan Reservoir

and from the proposed Folsom South Canal. Therefore, it is

believed that the amount of the future upstream depletion

stated in the New Melones Report is reasonable.

As stated in the New Melones Report, water-

deficient areas in the San Joaquin Valley to the south of

the Stanislaus River could fully utilize the new yield from

A-6



the New Melones Project. However, there also is need to

supply water to the Bachelor Service Area located above

the service area of the Folsom South Canal between the

Stanislaus and Calaveras Rivers, and below the New Melones

Damsite. This area conveniently and logically could be

served with water from the New Melones Project and was

proposed to be provided water from the Stanislaus River

under Applications Nos. 5648 and 5649, It is estimated

that the annual water requirement of the Bachelor Service

Area during the next 50 years will increase to about

160,000 acre-feet. It is realized that, as an alternative,

this area could be served water from the proposed Folsom

South Canal, But, because of the pump lifts involved, it

is believed that the Bachelor Service Area should be served

water from the Stanislaus River.

Irrigation Benefits

Irrigation benefits that would be realized from

the proposed project were evaluated without determining

the irrigation yield from the New Melones Project when

integrated with the Central Valley Project. However,

studies made by the Bureau and the Corps of an integrated

operation were reviewed. For the purposes of the New

Melones Report, operation criteria included (l) estimates

of future upstream depletion of water supply of about

60,000 acre-feet, (2) minimum streajnflow in the Stanislaus
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River below Goodwin Diversion Dam for fishery maintenance

of 100 to 200 cubic feet, per second, and (3) present

demands for irrigation water in the South San Joaquin and

Oakdale Irrigation Districts.

To evaluate project irrigation benefits, the

Bureau selected the Kaweah Delta in the San Joaquin Valley

as the project service area for irrigation water because

this area was considered to be reasonably typical of the

area of the contemplated East Side Division by virtue of

its central location and representative cropping pattern.

Farm budgets used In the economic analyses Included those

for field crops, feeder beef, dairy, grapes, and peaches.

As described in the New Melones Report, the New

Melones Project, by virtue of Its integration with the

Central Valley Project, could provide a new average annual

yield of 261,000 acre-feet of water to presently unirrigated

lands in the Kaweah Delta portion of the San Joaquin Valley.

The annual irrigation benefits would be about $8,202,000

measured at the place of water use. These benefits, in-

cluding those accruing from ground water recharge and

savings in pumping costs, were projected back to the reser-

voir by deduction of costs of the conveyance and distribu-

tion systems. The annual primary irrigation benefits

creditable to New Melones Project, therefore, would be

$4,443,000 measured at the reservoir. While no specific
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estimates of benefits accruing to ground water recharge or

savings In pumping costs were made In reviewing the New

Melones Project, It Is believed that the Irrigation bene-

fits as shown in the report are reasonable. As stated in

the New Melones Report, additional studies would be re-

quired to determine which of the possible alternative

service areas should be served new irrigation water from

the project. It is again noted, however, that the Bachelor

Service Area would be a logical area to receive project

water from the Stanislaus River.

Power Benefits

The New Melones Report states that due to the

increasing demand for power in Northern California, power

output from the Nev/ Melones Project could be readily

absorbed into the power market area. In general, it is

agreed that this conclusion is correct. However, it may

not be practical by the year I969 for the Northern Califor-

nia system to absorb power at the capacity factor assumed

in the New Melones Report. The physical limitations and

contract requirements pertaining to certain powerplants,

limit the flexibility with respect to capacity factors,

for proposed hydroelectric powerplants in Northern

California.

If proposed hydroelectric generating capacity

as presently contemplated by the various private, local.
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state, and federal agencies Is constructed, there are In-

dications that some of this new hydroelectric capacity

may not be fully useful in meeting the area load during

early spring months. The Bureau of Reclamation has stated

that a rather flexible mode of water releases and project

operation would be permissible for the New Melones Project,

when operated in connection with the irrigation purpose of

the contemplated East Side Division. In that case, a mini-

mum power generation schedule for New Melones should

probably be adopted which would permit optimum integration

of the existing and proposed generating facilities.

The New Melones Report states that the optimum

size of the project powerplant would be selected after

more detailed studies conducted in cooperation with the

Federal Power Commission and other interested agencies.

These additional studies are desirable, and the project

powerplant capacity should be selected after review and

agreement of all interested agencies concerning the dry-

period operation study and the minimum generation schedule.

The Corps assumed that the operation of the New

Melones Powerplant would be integrated with the operation

of other powerplants of the Central Valley Project. Power

operation criteria was based on an extension of agreements

between the Pacific Gas and Electric Company and the U.S.

Bureau of Reclajnation, similar to the present contracts.
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Under these assumptions, a dependable capacity of 119,000

kilowatts as stated in the report, is reasonable. However,

a review of the present contracts does not appear to

Justify the criteria used in preparing the dry-period

power operation study. There is no evidence available

that the Pacific Gas and Electric Company has accepted

this criteria for all future additions to the Central

Valley Project. The criteria used for the power opera-

tion study of the New Melones Report, therefore, may not

be realistic.

Flood Control Benefits

From a review of the flood control data and

benefits presented in the New Melones Report and discus-

sions with the Sacramento Division, Corps of Engineers,

the estimated average annual flood control benefits of

$1,030,000 appear to be reasonable. This value is based

on providing protection to an area of 270,000 acres, with

a mean annual benefit value of $3 -81 per acre.

Recreational Benefits

Estimates of recreational benefits presented in

the New Melones Report are based on an estimated number of

visitor-days of use and an estimated value of a visitor-

day of use.
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It Is believed that New Melones Reservoir would

afford substantial recreation potential regardless of the

anticipated fluctuations of the water leve of the reser-

voir. The New Melones Report shows projected total annual

recreational use in the New Melones area, including fishing

use, of 400,000 visitor-days initially. Increasing to

800,000 visitor-days ultimately. Preliminary studies con-

ducted for the review of the New Melones Report indicate

that initial and ultimate recreation use in the order of

1,200,000 visitor-days and 2,400,000 visitor-days respec-

tively, are more realistic estimates.

The New Melones Report notes that the National

Park Service has estimated recreational benefits at $1.60

per visitor-day, and that the U.S. Fish and Wildlife Ser-

vice has suggested the use of $5.80 per angler-day. How-

ever, as presented in the New Melones Report, in the

interest of conservatism, recreational benefits have been

estimated at $0.50 per visitor-day. Studies by the Depart-

ment of Water Resources in somewhat similar areas have

indicated that a value of from $1.00 to $2.00 per visitor-

day is warranted.

The New Melones Report shows a need for an acquisi-

tion of approximately 1,500 acres of land for initial public

recreational development and for access and protection zones.

The cost of such land acquisition would be borne by the
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federal government. The National Park Service, In their

study for the pruposes of the New Melones Report, stated

that about 1,500 acres of land for Initial recreational

development and an additional area of approximately 2,675

acres to accommodate the recreation needs for the balance

of the repayment period would be required. They further

stated that the latter land acquisition should be the

responsibility of the agency administering the project

recreational area. However, President Kennedy, in his

1961 message on natural resources, stated that steps

should be taken to " ... insure that land acquired for

the construction of federally financed reservoirs is

sufficient to permit future development for recreational

purposes." This policy has been adopted by the Departments

of the Army and the Interior. It is believed, therefore,

that the additional 2,675 acres of land necessary for

future recreational development should be acquired con-

currently with acquisition of all other project lands.

Insufficient detail was presented in the New

Melones Report to evaluate the adequacy of public use

facilities for recreational development. It was stated

that it would be desirable for local interests to operate

and maintain the recreational developments. This decision

should receive serious consideration and coordination with

the proper agencies as project plans are developed.
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General Design and Project Costs

The design and estimates of cost of the New

Melones Project presented In the New Melones Report

were reviewed and a cursory field Inspection was made

of the project site. Additional design and hydrologlc

Information was obtained from the Corps, the Bureau, and

the U.S. Weather Bureau.

It Is concluded that the foundation of New

Melones Damslte Is suitable for a rockflll embankment

with a height of over 600 feet and that the embankment

slopes shown in the New Melones Report are adequate.

Moreover, the proposed diversion and outlet structures

also are believed to be adequate. However, geologic studies

Indicate that the foundation rock in the area of the pro-

posed spillway cut is not competent for an unlined spillway

or for cut slopes of 1/4 to 1. There are several zones

of weak rock which Intersect the chute alignment. Even

under the moderate flows resulting from use of the spill-

way for flood control releases, these zones would be ex-

pected to erode severely. During times of large releases,

these areas of weak rock would be susceptible to washouts.

In view of the foregoing, it is believed that consideration

should be given to modifying the spillway design.

The estimates of total project cost presented in

the New Melones Report appear to be reasonable.
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Upper Basin Features of the New Melones Project

There are several possible water conservation

facilities In the upper basin which would optimize the

development of the Stajilslaus River and would develop

water for local upstream use In Tuolumne and Calaveras

Counties. These projects would be desirable additions

to the New Melones Project. The Bureau of Reclamation

currently Is studying possibilities for providing water

to the Sonora and Keystone Service Areas In Tuolumne

County. Past studies of these service areas have In-

dicated that an enlargement of the existing Phoenix Reser-

voir on Sullivan Creek, and Increased diversions of water

from the South Fork Stanislaus River to this reservoir,

offers the best solution to satisfying present and immedi-

ate future water needs of the Sonora and Keystone Service

Areas. A firm annual yield of water in the amount of

about 30,000 acre-feet could be realized by enlarging

Phoenix Reservoir from its existing storage capacity of

850 acre-feet to a storage capacity of 25,000 acre-feet.

Recent studies by the department indicate that

there are several possibilities for supplying the water

needs of Calaveras County. Local water supplies could be

developed for the West Point area by providing small storage

reservoirs on Forest Creek, Hunter Creek, and the Middle

Fork of the Mokelumne River. New storage on the South
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Fork Mokelumne River, North Fork Calaveras River, and

Jesus Maria Creek operated in conjunction with water

diverted from North Fork Stanislaus River would satisfy

the needs of the San Andreas and Mokelumne Hill areas.

These local sources of water from tributaries

of the Mokelumne and Calaveras Rivers, would not be

adequate to supply present and immediate future water

needs of upper Calaveras County. The only logical sup-

plemental source of water which could be utilized to

supply this area is the North Fork of the Stanislaus River.

Provisions could be made to convey a firm annual yield in

the amount of about 30,000 acre-feet from the North Fork

of the Stanislaus River into the Calaveras River Basin for

consumptive use purposes. This amount of water plus addi-

tional supplies for hydroelectric power production could

be diverted through a proposed system of storage and con-

veyance works consisting of Spicer Meadows Reservoir on

Highlands Creek and a conveyance conduit extending down

the ridgetop located between Stanislaus and Calaveras River

Basins. Hydroelectric power would be developed enroute at

three sites near White Fines, Avery, and Stanislaus.

COMMENTS OF RECLAMATION BOARD

Mr. Robert W. James, General Manager and Chief

Counsel of The Reclamation Board, by letter dated March 13,

1962, submitted the following comments.
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"The flood control aspects of this project
are urgently needed to increase the degree of
flood control protection for the portion of the
San Joaquin River Project levees along the
Stanislaus River and the downstreajn reaches of
the San Joaquin River. We feel that completion
of this unit of the over-all San Joaquin River
Flood Control System will add an important link
to the project. We therefore urge that construc-
tion be initiated as soon as possible In order
to add substantially to the flood control pro-
tection for the downstrecim levee system.

"The comments of the Board of Engineers
for Rivers and Harbors provide that local in-
terests shall agree to maintain the existing
levees of the Stanislaus River Channel from
Goodwin Dam to the San Joaquin River so as to
preserve a safe carrying capacity for that
reach of at least 8,000 cubic feet per second.
It is also noted that the flood control opera-
tion of the project is to be accomplished in
accordance with the rules and regulations pre-
scribed by the Secretary of the Army.

"It is our understanding that no actual
surveys were made of the existing levees and
channels downstream from Goodwin Dsun. The
estimation that the existing levees and channel
would be adequate for a flow of 8,000 cubic
feet per second was based on observation only.
In view of the open-ended obligation that this
requirement could place on local interests, it
is recommended that when the project design
is started actual surveys be taken of the chan-
nel and levees involved and hydraulic computa-
tions be made to determine whether or not the
levees are adequate both as to cross section
and freeboard. If they are not, it is recom-
mended that additional work be included in the
Corps' construction contract to clear the chan-
nel and to bring the levees up to grade and
section, to adequately contain a flow of 8,000
cubic feet per second.

"It is also requested that the levees
be widened if necessary and that a patrol road
be constructed thereon by the Corps of Engi-
neers so that adequate maintenance can be
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performed. This would Involve the acquisi-
tion of necessary rights of way for this
purpose. If this procedure is not followed,
it would not be possible for any public dist-
rict to give assurances that the levees will
be maintained in accordance with the require-
ments of the Secretary of the Army since
adequate maintenance could not be performed
without a patrol road. It also would not be
possible to guarantee that any public district
would have access to these levees without
acquisition of whatever rights of way will
be required for the purpose. At the present
time, these levees are in private ownership
and the owners thereof could deny access to
the levees if they should so desire."

COMMENTS OF DEPARTMENT OF FISH AND GAME

Mr. Harry Anderson, Deputy Director of the

Department of Fish and Game, by interdepartmental communi-

cation dated March 12, 19^2, submitted the following

comments.

"Since the preliminary report was sub-
mitted for review we have had the opportunity
to give greater consideration to all aspects
of this project. The recommendations which
follow parallel our previous recommendations
but enlarge on them and provide greater detail

.

These comments and recommendations supersede
all previous recommendations and constitute the
official comments of this Department pursuant
to P.L. 85-624, the Wildlife Coordination Act,
and the general policy of the State regarding
the protection and enhancement of fish and
wildlife.

"Our review indicates that the Corps has
not separated general recreational benefits
from fish and wildlife benefits and the bene-
fits assigned appear to be low. We believe
the fish, wildlife and recreational benefits
should be re-evaluated and raised.
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"On page 29, the report states 'Hunting,
trapping, and related use of the general area
has not been evaluated; however, any change in
use due to the project is believed to be small
and would not affect the overall recreation
accomplishments of the project.' We are not
certain of the origin of this statement, but
our investigation of the project reveals that
a substantial amount of wildlife habitat will ^
be inundated, or lost through changed land use ^patterns. These losses should be mitigated and •

recommendations are Included for this purpose.
-I

"The Department investigated this project
Jointly with personnel of the Office of River
Basin Studies, Fish and Wildlife Service, and
in general concurs with their evaluation re-
garding benefits to improve anadromous and
warm water fisheries. Our recommendations
parallel those of the Fish and Wildlife Service.

"Recommendations

"1. In line with recent policy of the
Department of Interior and the Wildlife
Coordination Act, conservation and develop-
ment of fish and wildlife resources should
be Included and authorized as project purposes. /

"2. That the Corps and the Bureau
respectively provide the storage for and
obtain the necessary water rights to, the
quantities of water hereafter prescribed for
the maintenance and enhancement of fishlife in
the Stanislaus River; from Goodwin Diversion
Dam, or If constructed, the proposed Knights
Ferry Diversion Dam, to the confluence of the
San Joaquin River; and that said water be re-
leased in accordance with the following schedule:

v
Flow in Cubic Feet

per Second
Period Normal Year : Dry Year.

October 1 - December 31 200 150
January 1 - May 31 125 100
June 1 - September 30 100 50

1/ " 'A Dry year is defined as one in which the natural
inflow inoo Snasta, Trinity, Folsom, and Friamt
Reservoirs, as predicted for the water year,
totals less than 5,000,000 acre-feet, or one in
which the combined water storage in Shasta, Trinity,
Whiskeytown, Folsom, Auburn, and New Melones Reser-
voir, as predicted for the water year, is less
than 5,000,000 acre-feet.'
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"Provided: that if the average streamflow
maintained in the Stanislaus River from October 1

to December 31 Is greater than the minimum flow
specified for this period (exclusive of flood
spill and emergency releases) the streamflow
from January 1 to May 31 be maintained at not
less than the specified January 1 to May 31
minimum flow, or the average of the October 1

to December 31 flow minus 100 c.f.s. whichever
is greater. Provided further: that fluctua-
tions of the Stanislaus River downstrestm from
Goodwin Diversion Dam be limited to a rate of
change not exceeding 2 inches per hour or 8
Inches in any 24-hour period.

"Provided further : that during the period
of October 1 to December 31 the water surface
elevation not be reduced by more than 4 inches
from elevations reached during flows in excess
of those recommended (exclusive of flood spills
and emergency releases). Water surface eleva-
tions shall be measured at Orange Blossom Bridge.

"Provided further: that flow releases into
the channel of the Stanislaus River downstream
from the Goodwin Diversion Dam be derived from
New Melones Reservoir outlets at or near elevation
560 feet m.s.l.

"Provided further : that modifications of
the above streamflow schedule, within the limits
of the total quantities of water Involved, be
permitted upon request of the California Depart-
ment of Fish and Game and the Bureau of Sport
Fisheries and Wildlife if found desirable for
optimum fishery production and permissable
without infringing upon prior project commitments.

"Provided further : that upon request of
the California Department of Fish and Game and
the Bureau of Sport Fisheries and Wildlife,
flows be released into the channel of the
Stanislaus River in sufficient quantity to
flush from salmon and trout spawning areas any
silt, fines, and other debris that may have
been deposited as a result of project operation.
If mechanical means are used in place of, or in
addition to, flushing flows, the associated costs
shall be a project cost.
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"3. That a minimum pool of 300,000 acre-
feet of water be reserved In the reservoir for
development of a reservoir fishery, wildlife
conservation and general recreation purposes.
Rapid and extreme fluctuations are to be
avoided insofar as is consistent with project
purposes, particularly during the fish spawn-

"

ing season, April through June. ^

"4. Reservoir clearing plans be developed
in cooperation with the Department of Fish
and Game and U.S. Bureau of Sport Fisheries *]

and Wildlife.

"We believe about 2,500 to 3,000 acres -

of trees and brush could be retained in the \

reservoir area without affecting adversely
other uses, and which will be highly beneficial
to fish and small game. If left intact this
could result in a savings of clearance costs
on the order of $425,000 to $525,000 ($175.00
per acre) which could be applied to land
acquisition for wildlife mitigation, and
public access and recreation.

"5. Acquisition by fee-title or ease-
ment of approximately 3,400 acres of privately ^
ov>fned riparian land along the Stanislaus River
downstream from Knights Ferry Bridge. Under a
general plan this riparian land would be
devoted to management for fish and wildlife
purposes to mitigate wildlife damages result-
ing from the project and to assure retention
of riparian habitat and preservation of the
spawning gravels of the river.

"6. Withdrawal of 2,570 acres of Bureau
of Land Management land adjacent to the east
side of New Melones Reservoir. Land withdrawn
under this paragraph would serve to mitigate
wildlife habitat losses due to Inundation.
It is proposed that these lands can be managed
as multiple purpose recreation lands in-
cluding wildlife management under plans
developed jointly by the Bureau of Leind

Management, Bureau of Sport Fisheries and
Wildlife, and the California Department of
Fish and Game. These lands would be managed
by the State Department of Fish and Game.
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"7. Stringent controls be Imposed on con-
struction activities to prevent the destruction
of fish and wildlife habitat in and adjacent to
Stanislaus River.

"b. The existing Melones Dam be breached
so as to permit the free flow of subsurface
water within New Melones Reservoir. The
Department and the Bureau of Sport Fisheries
and Wildlife should be consulted on this matter
prior to breaching the dam.

"9. A zoning plan should be established
for the new reservoir to Insure that specified
areas of the reservoir will be available for
fishing and hunting, and other fish and vfild-
life purposes without conflicting with other
proposed recreational uses. The Department
will be happy to cooperate with other Interested
agencies in the development of such a plan for
recommendation to the appropriate regulatory
agencies.

"10. Such reasonable modifications be
made in the project operation and facilities
as may be agreed upon by the Corps of the
Engineers, the U.S. Fish and Wildlife Service,
and the Department of Fish and Game for the
conservation and development of fish and wild-
life resources.

"11. Federal land and project waters, ex-
cept such portions as may be reserved for public
safety, protection of property and efficient
operation, be open to the public without fee for
the purposes of hunting and fishing.

"12. Leases of Federal land in the project
area reserve the right of public access without
fee for the purposes of hunting and fishing.

"13. In accordance with the recently
announced Federal policy regarding land
acquisition at Federal project for future
development in the public interest; and to
provide incidental and additional mitigation
acquire an additional 4,5^0 acres of private
land located on the eastern side of New Melones
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Reservoir. These lands would be managed for
wildlife in accordance with a plan developed
jointly by the Bureau of Sport Fisheries and
Wildlife, Bureau of Land Management and the
Department of Fish and Game.

"14. Opportunity be provided to select
and manage for fish and wildlife purposes other
isolated parcels of lemd and lands contiguous
to the reservoir acquired for project purposes.

"15. Project funds in the amount of $25,000
be provided for development of lands under para-
graphs 6, 13, and 14 for wildlife mitigation
purposes.

"In making these recommendations the Depart-
ment has taken cognizance of the President's
recent declaration and the most recent policies
of the Departments of Interior and Army regarding
Reservoir Project Lands. These policies are set
forth by Secretary of the Interior in the Depart-
mental Manual, Part 751 'Reservoir Projects Lajads.'

"Specific reference is made to Section 751.I.I
of Chapter 1, Policies, and Section 751.1.4 Land
Acquisition. Among other things this policy
states, 'The fee title will be acquired to the
following' : 'Such lands as are needed to meet
present and future requirements for fish and
wildlife as determined pursuant to the Fish and
Wildlife Coordination Act.'

"The Joint policy statement of the Depart-
ments of Interior and Army is identical in
wording to the above. These polices were
approved by the Secretaries of Interior and
Army on February I6, I962. . . .

"Inclusion of all of the above recommenda-
tions will adequately protect and appreciably
enhance fish and wildlife and recreation in the
project area.

"We appreciate the opportunity to review
this report. The New Melones project affords
and excellent opportunity for water develop-
ment with protection and improvement of the
State's fish and wildlife resources."
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COMMENTS OF DIVISION OF HIGHWAYS

Mr. J. C. Womack, State Highway Engineer, by

Interdepartmental communication dated February 19, 19^2,

stated that he previously commented on the draft of the

New Melones Review Report and that the comments made then

are still valid. Additional comments were submitted as

follows:

The New Melones " ... Review Report in-
dicates on Plates I and III a proposed reloca-
tion for legislative State Highway Route 65.
The Division does not necessarily concur in the
location Indicated and advises alternate routes
must be given study before a recommendation can
be made to the California Highway Commission
regarding adoption of a route to supersede the
portion of highway inundated. From one to two
years will be required for the reconnaissance
and public hearing phases of this study in the
two counties concerned before the design stage
can be initiated."

COMMENTS OF DEPARTMENT OF CONSERVATION

Mr. W. D. Winters, Deputy State Forester, by

interdepartmental communication dated March 6, I962,

submitted the following comments.

"It should be noted that the stream bed in
the North Fork of the Stanislaus River and its
principal tributaries. Rattlesnake Creek, Beaver
Creek Grlswald Creek and Skull Creek, contain
large deposits of debris, within the creek beds
and adjacent slopes, that can be carried down
stream during peaks of high water. There is a
large prograun of work to be done in stream
clearance that should be carried on prior to,
or during, construction of the project, to
eliminate some of the potential hazards to
the catch basin of the reservoir.
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"There are no Division of Forestry struc-
tures, power or telephone lines involved in the
proposed reservoir below the contemplated high
water level and no new stations or other
facilities are contemplated at the present
time or within the foreseeable future, in
either ranger unit. This situation can
change, however, depending upon recreational
developments that may be installed and the
use that such facilities may receive.

"The Division of Forestry maintains the
following roads and fire breaks within the
area, for fire protection purposes. These
facilities are all above contemplated high
water level, except as noted under fire
breaks

:

"Roads - Fowler Peak 4.5 mi.; Ponderosa
Way 7.2 mi.; Raggio Mill 3-0 mk.; Hunter
Pt . 4.0 mi.; Dorrington - Sour Grass 25.0
mi; McCormick Meadov/s 12 mi; Sour Grass
6.0 mi; Griswald Creek 9.5 mi; Lower
Beaver 4.5 mi; Ramsey 4.0 mi; McCormick
Lookout 2.0 mi; Burnt Corral 8.0 ml.
Total road miles 89.7-

"Firebreaks - Darby Knob 4.5; Skunk
Gulch 3.0 mi; Mariahe Gulch 2.0 mi;
Otter Bar 0.5 mi. Total Firebreak miles 10.

"The lower portions of the last three fire-
breaks will be below the contemplated high-water
level. However, this will in no way affect
their usefulness for the purpose they were in-
tended for. Shortened mileage will be the only
effect.

"No comment can be made, at this time, on
other public and private roads, pending study
of final plans and maps of the reservoir it-
self and proposed relocation of existing roads."
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CONCLUSIONS

As a result of review of the New Melones

Report by the various state agencies concerned. It Is

concluded that

:

1. Optimum multipurpose development

of the New Melones Reservoir site should be

made for the purposes of flood control, water

conservation, hydroelectric power, recreation,

and fish and wildlife. Reservoir storage

capacity of 2,400,000 acre-feet as planned in

the report, is adequate for these purposes.

2. To be in conformance with objectives

of The California Water Plan the New Melones

Project should be subject to the rights of the

upstream areas dependent upon waters of the

Stanislaus River to use water required for

the future development of such areas.

3. On the assumption that the Hogan

Service Area will be served by an exchange

of water from the Folsom South Canal and from

New Hogan Reservoir, estimates of future up-

stream depletions as presented in the New

Melones Report are reasonable.
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4. The design of the dam and appurtenances

are adequate and estimated project costs are

reasonable

.

5. The flood control aspects of the

project are urgently needed.

6. The New Melones Project appears to be

economically Justified.

7. If adequate provisions are made for

land acquisition and releases of water for

stream flow maintenance, the New Melones

Project will protect and enhance fish, wildlife,

and recreation.

8. It has not fully been demonstrated

that the channel downstream from Goodwin Diver-

sion Dam is adequate to contain a flow of 8,000

cubic feet per second.

9. The New Melones Project does not

adequately provide for the water needs of

Calaveras and Tuolumne Counties and the

Bachelor Service Area.

RECOMMENDATIONS

It is recommended that the proposed New Melones

Project on the Stanislaus River be authorized by the

Congress at an early date for construction and operation

by the federal government; provided that:
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1. Recognition be given to the right of

the upstream areas dependent upon waters of the

Stanislaus River to develop and utilize water

required for the future development of such

areas.

2. Water be released downstream for

fisheries purposes and land be acquired for

recreation and wildlife as previously recom-

mended herein.

3. Studies be authorized to develop

the full potential of the North Fork of

Stanislaus River, including formulation of

additional features of the New Melones Project

designed to serve 30,000 acre-feet of water

each year Initially increasing to 50,000

acre-feet by the year 2015^ for use in upper

Calaveras County. Further, that the Sonora-

Keystone Investigation of the Bureau of

Reclamation be programmed to formulate fea-

tures of the New Melones Project to provide

30,000 acre-feet each year to the Sonora-

Keystone area.

4. The Bachelor Service Area be served

water from the New Melones Project or by an

exchange from the Folsom South Canal.
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NEW HOGAN PROJECT, CALAVERAS RIVER, CALIFORNIA."
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APPENDIX B j

February 25, 1958

Colonel A. E McCollam
U.S. Army Engineer District, Sacramento
Corps of Engineers
P.O. Box 1739
SacrcLmento 8, California

Dear Colonel McCollam:

This is in reply to your letter of January 20,
1958, transmitting copies of your draft of "Report on
Preliminary Cost Allocation Studies, New Hogan Project,
Calaveras River, California", dated December 23, 1957,
and requesting comments of this Department. The report
has been reviewed and our informal comments are submitted
herein.

The report presents a cost allocation study of
the authorized New Hogan Project on Calaveras River. It
is noted that the study is based on the following general
criteria:

1. Gross storage of 325,000 acre-feet in New
Hogan Reservoir.

2. Operation of the reservoir for flood control
and Irrigation, but primarily for flood
control

.

3. Probable net depletion of 5,600 acre-feet
annually in the Inflow to the reservoir
due to future development and use of
water upstreajn.

4. New irrigation yields assumed, for cost
allocation purposes, to be used in lands
within the Stockton and East San Joaquin
Water Conservation District.

The report states that the project would produce
an average annual yield of new water of approximately
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40,000 acre-feet. Capital and annual costs of the
project are estimated to be $17,000,000 and $734,000
respectively. Annual benefits are computed to be
$1,050,000 for flood control and $314,000 for irriga-
tion. Based on the separable costs--remaining benefits
method the report allocates 52.1^ of the capital cost
to flood control and 37-9^ to irrigation. The benefit-
cost ratio is computed to be 1.86 to 1.

The Department of Water Resources believes that
the estimates of capital and annual costs set forth in
the "Allocation Report" are reasonable, and that the new
water yield of the project has been derived with considera-
tion of probable future depletion in the flow of Calaveras
River at the New Hogan Dam site. Assuming that the irriga-
tion yields of the project would be used in the Stockton
and East San Joaquin Water Conservation District, the
Department agrees with the cost allocation of 62.1^ for
flood control and 37-9^ for irrigation. The final cost
allocation, of course, should be based on benefits from
the areas on which project water is actually used. We
also assume that the cost allocation made would not preclude
the use of water for other than irrigation and flood control
purposes in the event such need arises.

So far as water requirements are concerned, our
own studies indicate that the Stockton and East San Joaquin
Water Conservation District will require supplemental
water supplies of about 52,000 acre-feet annually to sup-
port full development and to eliminate the overdraft on
the ground water basin. This area could be served, of
course, by either the proposed New Melones Project or by
the proposed Folsom South Canal, as well as by the New
Hogan Project.

The Department of Water Resources is concerned
with the disposition and use of the waters of Calaveras
River from the standpoint of The California Water Plan,
as well as from the standpoint of water rights. These
aspects, of course, are closely related. The California
Water Plan includes a reservoir of 325,000 acre-feet as
the New Hogan site and proposes that the waters conserved
by the project be used ultimately in the Hogan and Bear
Creek Service Areas. These service areas include lands
lying generally between New Hogan Dam and the proposed
Folsom South Canal. They contain approximately 58,000
acres of Irrigable land, only about 1,000 acres of which
are irrigated at present. The ultimate water requirement
In the two service areas is estimated to be about 123,000
acre-feet annually. The Department of Water Resources
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believes that all of the yields available at New Hogan
Reservoir should be used eventually in the Hogan and Bear
Creek Service Areas and supplemented by development of
ground water and by pumped diversions from Folsom South
Canal to the extent possible. The area in Calaveras County
upstream from New Hogan Reservoir, in addition to whatever
will be supplied to it from the Calaveras River, will
eventually require all of the water possible to develop
from the North Fork of the Stanislaus River. Consequently,
the New Hogan Reservoir is the only logical source of a
gravity supply to the Bear Creek and Hogan Service Areas.

Water rights for the operation of New Hogan
Reservoir would involve the partial assignment of State
Filing No. 5648 Insofar as that application Involves the
Calaveras River. Application 5648, filed by the Department
of Finance in 1927, proposes, in part, diversions from
Calaveras River at the New Hogan Reservoir in the sunount
of 800 cubic feet per second and 100,000 acre-feet of
storage per annum. The uses to which this water is to
be applied under the application are irrigation and
domestic use in those areas of the San Joaquin and Calaveras
Counties lying generally between New Hogan Dam and the pro-
posed Folsom South Canal, and includes the Bear Creek and
Hogan Service Areas. The place of use specified in Applica-
tion No. 5648 does not include the Stockton and East San
Joaquin Water Conservation District area.

During July, 1956, the Department of Water Resources
was created and succeeded to and is now vested with all the
powers, duties, purposes, responsibilities, and jurisdic-
tion originally vested in the Department of Finance under
Division 6, Part 2 of the Water Code. The provisions under
this part authorize the Department of Water Resources to
make and file applications for any water which, in its
judgment, is or may be required in the development and com-
pletion of the whole or any part of a general or coordinated
plan looking toward the development, utilization, or con-
servation of the water resources of the State. In addition,
this part also provides that the Department of Water Resources
may release from priority or assign any portion of any appli-
cation filed by it when the release or assignment is for the
purpose of development not in conflict with such general or
coordinated plan. At the time of release or assignment of
any State filing, adequate reservations must be made to the
County of Origin under Section 10505 of the Water Code.

Requests have been received by the Department from
the Calaveras County Water District and the Stockton and
East San Joaquin County Water Conservation District for an
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assignment or release from priority of that portion of
Application 5648 which covers appropriations from the
Calaveras River at the New Hogan site. These requests
will probably in the near future be referred to the
California Water Commission for consideration and recom-
mendation. Subsequent thereto, a Joint hearing will be
conducted by the Commission and the Department, and all
Interested parties will be invited to present their views
as to what disposition of these requests should be made
and what terms and conditions should be included in any
disposition of Application 5648.

In addition to the disposition of Application
5648 by the Department of Water Resources, it will be
necessary for the State Water Rights Board to conduct a
hearing on all pending applications proposing appropria-
tions from the Calaveras River stream system. The perti-
nent features of those applications which propose diversion;
from the Calaveras River at the New Hogan site are set fort!
in the following tabulation.

Amounts
Applloatlon Applicant CFS :

I Diversion :

A?A t season : Purpose of use

H792 Calaveras County
Water District

12668 Stockton & East San
Joaquin Mater
Conservation
District

17695 City of Stockton

50 100,000 I/I-I2/3I Domestic, irrigition, in-
10/1-7/1 dustrial municipal, mining,

recreational

76,000 2/15-7/1 Domestic, irrigation

100,000 IIA-6A5 Municipal

In view of the pending requests before the Depart-
ment of Water Resources for disposition of Application 5648
and the pending water right applications on file with the
State Water Rights Board proposing appropriations from the
Calaveras River system, considerable time will be required
before final disposition can be made of this complex water
rights problem.

Construction of New Hogan Reservoir to a capacity
of 325,000 acre-feet would provide the flood protection
needed now in the Stockton area and would also provide the
full development of Calaveras River for conservation pur-
poses. When the Folsom South Canal is constructed, all of
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the physical facilities needed to provide direct service
to the Stockton and East San Joaquin Water Conservation
District, as well as to the Bear Creek and Hogan Service
Areas, will exist. Consequently, the Department of Water
Resources supports early construction of New Hogan Reser-
voir, as proposed by the Corps of Engineers. The Depart-
ment feels, also, that the water conserved by New Hogan
Reservoir may be used in the Stockton and East San Joaquin A
Water Conservation District on an interim basis, but that >j

it will have to be transferred eventually to use in the '3

Hogan and Bear Creek Service Areas. I

/
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APPENDIX C

I^ELATED INVESTIGATIONS AND REPORTS

Several prior Investigations and reports were

reviewed In connection with this Investigation and are

described briefly below.

Statewide Water Resources Investigation

The Statewide Water Resources Investigation by

the Division of Water Resources was conducted under the

direction of the State Water Resources Board and the

Department of Water Resources and the results were published

In three bulletins. Bulletin No. 1, "Water Resources of

California," published In 1951, contains a compilation of

data concerning precipitation, unimpaired streamflow, flood

flows and frequencies, and quality of waters throughout the

State. Bulletin No. 2, "Water Utilization and Requirements

of California," published in 1955, sets forth estimates of

present and probable ultimate water requirements throughout

the State based, in general, on the capabilities of the lajid

to support further development. The third and concluding

phase of the Statewide Water Resources Investigation was

reported in Bulletin No. 3, "The California Water Plan,"

published in 1957. This plan is a comprehensive master plan

for the full development of the water resources of the State
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to meet present and future needs for all beneficial pur-

poses in all parts of the State, insofar as is practical.

Survey of Mountainous Areas

The Survey of Mountainous Areas was initiated

by the State Water Resources Board in 19^6 to evaluate the

ultimate water needs and make plans for projects to supply

these needs for all or portions of 13 counties. The area

of the investigation was the foothill and mountainous areas

of the west slope of the Central Sierra Nevada Reinge, in-

cluding all of Calaveras County. Results of the investiga-

tion were published in 1955. as Bulletin No. "56" of the

Division of Water Resources, 1955.

San Joaquin County Investigation

The San Joaquin County Investigation was initiated

by the State Water Resources Board in 1948 to inventory the

water requirements and surface and ground water resources of

San Joaquin County. Using the data developed in these in-

ventories, plans were formulated for developing the availabl'

water resources for local use. A report on this investigati'

(Bulletin No. 11, "San Joaquin County Investigation") was

Issued in 1955, and Supplements I-IV have been issued be-

tween May 1956 and March 1959.
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Basic Data Reports

The Department of Water Resources conducts con-

tinuing progrsLms in which the water resources of the State

are measured as to quantity and quality. Within the

limitations imposed by available funds and personnel,

these data are reported annually in a series of bulletins

as follows:

1

.

The series 23 bulletins presents

stream gaging data, as for example. Bulletin

No. 23-61, "Surface Water Flow for 1961."

2. The series 77 bulletins present

similar data for ground water, e.g.. Bulletin

No. 77-60, "Ground Water Conditions in Central

and Northern California, i960."

3. The series 65 bulletins refer to

quality of surface waters, e.g.. Bulletin

No. 65-61 Part I, "Quality of Surface Waters

in California, I961, Part I, Northern and

Central California."

4. The series 66 bulletins show water

quality data for ground water as in Bulletin

No. 66-60, Part I, "Quality of Ground Waters

in California, I961, Part I, Northern and

Central California."
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The number after the dash Identifies the year

in which the data was collected in the field.

Other Investigations and Reports

Other reports containing information and data

that were reviewed and utilized for the purposes of the

Calaveras Area Investigation are:

1. California State Department of Public

Works, Division of Water Resources. "Water

Rights Applications by State Department of

Finance, Assignments Thereof, Reservations

for Counties of Origin, and Other Related

Matters." February 1955-

2. California State Department of Water

Resources. Report No. 7^ "Quality of Ground

Water in the Stockton Area, San Joaquin County."

March 1955.

3. California State Department of Public

Works, Division of Water Resources. "Water

Resources of Stanislaus River." June 1951.

4. Stanislaus River Basin Group.

"Report and Development Plan, Stanislaus

River Basin Area." October I96I.
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5. Stone and Webster Engineer Corporation.

"Report on Water Supply for City of Stockton,

Stockton, California." October 1955.

6. The U.S. Department of the Interior,

Bureau of Reclamation. "Folsom South Unit,

Central Valley Project, California."

Jamuary 1959-

7. The U.S. War Department, Corps of

Engineers, Sacramento District. "Report

on Economic Feasibility, New Melones

Project, Stanislaus River, California."

March 1957-

8. The U.S. War Department, Corps of

Engineers, Sacramento District. "Report

on Preliminary Cost Allocation Studies,

New HogcLn Project, Calaveras River,

California," December 1957-

9. Tudor Engineering Company. "Feasibility

Report and Plan, Calaveras County Water Develop-

ment." As revised, August 196I.

C-5





I

TATI OF CALIFONNIA

THE RESOURCES AGENCY OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

CALAVERAS AREA INVESTIGATION

LOCATION OF CALAVERAS AREA

A

40

scalc or Hues

•o

\

/

\-7

\
(

%

-4

c t

V -/
r^gBcs; f J- >

i%s"^
i

^^
, c j . » 5" "

^'^



STATE OF CALIFORNIA

THE RESOURCES AGENCY OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

CALAVERAS AREA INVESTIGATION

LOCATION OF CALAVERAS AREA



PLATE 2

DEPOBTMENT OF WATER RESOURCES 1963

STATE OF CALIFORNIA

THE RESOURCES AGENCY OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

CALAVERAS AREA INVESTIGATION

UNITS OF THE INVESTIGATIVE AREA
SCALE or Ml LES



PLATE 2A

STATE OF CALIFORNIA

THE RESOURCES AGENCY OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

CALAVERAS AREA INVESTIGATION

PROPOSED WATER SERVICE AREAS
OF MAIN STREAM AND TRIBUTARY UNITS

SCALE OF MILES

DEPARTMENT OF WATER RESOURCES 1963

J



DEX NO.



PLATE 4A

-^OESIGNOTEO UNITS ON THIS PLATE
CORRESPOND TO THOSE DELINEOTEO
IN GROUND WATER STUDIES WHICH ARE
REPORTED IN BULLETIN NO II, "SAN
JOAQUIN COUNTY INVESTIGATION"

LINES OF EQUAL DEPTH IN FEET,

DASHED LINES INFERRED

EASTERN BOUNDARY OF VALLEY UNIT

STATE OF CALIFORNIA

THE RESOURCES AGENCY OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

CALAVERAS AREA INVESTIGATION

VALLEY UNIT

LINES OF EQUAL DEPTH

TO GROUND WATER
SPRING OF 1959

SCALE OF MILES
2



DESIGNATED UNITS ON THIS PLATE
CORRESPOND TO THOSE DELINEATED
IN GROUND WATER STUDIES WHICH ARE
REPORTED IN BULLETIN NO 11, 'SAN
JOAQUIN COUNTY INVESTIGATION'





STATE OF CALIFORNIA

THE RESOURCES AGENCY OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

CALAVERAS AREA INVESTIGATION

PLAN AND PROFILE

OF CALAVERAS PROJECT

LENGTH IN MILES

DEPARTMENT OF WATER RESOURCES 1963



PLATE 9

)

GENERAL PLAN
SCALE OF FEET

100 200 300 400 SOO 600 TOO 800 900 lOOO ilOO i200 1300 1400 1500 1600 1700 1800 1900 2000 2100 220O 2300 2400 2500
LENGTH IN FIET

SECTION A-A'

LOOKING UPSTREAM

NORMAL POOL ELEV 6578' ly77 "'" ^'-" ""'

SECTION OF DAM
SCALE OF FEET

ALLUVIUM
SILT. SAND, GRAVEL AND BOULDER DEPOSITS, POORLY SORTED
ANOUNCONSOLIOATEO.

GLACIAL MORAINE AND OUTWASH DEPOSITS
CL*Y. SILT, SAND. ANOGflAVCL. POORLY SORTED AND
UNCONSOLIDATED

GRANITIC ROCK
COARSE CRAINCO, HARD, JOINTED CRANODIORITE TODIORITE.

APPROXIMATE GEOLOGIC CONTACT

S-l VERTICAL DRILL MOLE

•rA-3 INCLINED DRILL HOLE
A'

y SECTION THROUGH AXIS OF 0AM

STATE OF CALIFORNIA

THE RESOURCES AGENCV OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

CALAVERAS AREA INVESTIGATION

ENLARGED SPICER MEADOW DAM
ON HIGHLAND CREEK

DEPARTMENT OF WATER RESOURCES 1963



THE Sr*NISL4US RIVEfl BASIN GftOUP IS.RBG I

CmSTING FICILITIES

THE RESOURCES AGENCY OP CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

CALAVERAS AREA INVESTIGATION

ALTERNATIVE PLANS FOR DEVELOPMENT
OF NORTH FORK OF STANISLAUS RIVER

OEMRTMEHT OF WAIEO BESOURCES I96S



-'^^ POSSIBLE LOCAL DEVELOPMENT

^•'^ EXISTING RELATED FEftTURES

THE RESOURCES AGENCY OF CALIFORNIA

DEPARTMENT OF WATER RESOURCES
DELTA BRANCH

CALAVERAS AREA INVESTIGATION

PLAN OF POSSIBLE
LOCAL DEVELOPMENT PROJECTS

OEPfiHTMtNT or WATEH BESOUnCES i96.





^





n

1

THIS BOOK IS DUE ON THE LAST



354:in2
3 1175 02037 7365

la,

SClEfVCCS

LIBRARY
UNIVERSITY Of CAIIFORNIA

DAVIS

.IMPf)?




